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I 

RECOMBINANT- ACTIVE CASPASES AND USES THEREOF 



TECHNICAL FIELD 

The present invention relates generally to regulating apoptosis. and 
more particularly to the novel aspartatc-specific cysteine proteases known as 
5 caspases. their coding regions, mutant forms thereof, and their use in screening assays 
and as pharmaceutical compositions for the controlled death of targeted cells to treat 
human disease. 



BACKGROUND OF THE INVENTION 

Tissue homeostasis is maintained by the process of apoptosis — that is. 

10 the normal physiological process of programmed cell death. Changes to the apoptotic 
pathway that prevent or delay normal cell turnover can be just as important in the 
pathogenesis of diseases as are abnormalities in the regulation of the cell cycle. Like 
cell division, which is controlled through complex interactions between cell cycle 
regulatory proteins, apoptosis is similarly regulated under normal circumstances by 

15 the interaction of gene products that cither prevent or induce cell death. 

Since apoptosis functions in maintaining tissue homeostasis in a range 
of physiological processes such as embryonic development, immune cell regulation 
and normal cellular turnover, the dysfunction or loss of regulated apoptosis can lead 
to a variety of pathological disease states. For example, the loss of apoptosis can lead 

20 to the pathological accumulation of self-reactive lymphocytes that occurs with many 
autoimmune diseases. Inappropriate loss or inhibition of apoptosis can also lead to 
the accumulation of virally infected cells and of hyperproliferative cells such as 
neoplastic or tumor cells. Similarly, the inappropriate activation of apoptosis can also 
contribute to a variety of pathological disease stales including, for example, acquired 

25 immunodeficiency syndrome ( AIDS ). neurodegenerativ e diseases and ischemic 
injury. Treatments which are specifically designed to modulate the apoptotic 
pathways in these and other pathological conditions can alter the natural progression 
of manv of these diseases. 
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Although apoptosis is mediated by diverse signals and complex 
interactions of cellular gene products, the results of these interactions ultimately feed 
into a cell death pathway that is evolutionarily conserved between humans and 
invertebrates. The pathway, itself, is a cascade of proteolytic events analogous to that 
5* of the blood coagulation cascade. 

Several gene families and products that modulate the apoptotic process 
have now been identified. One family is the aspartate-specific cysteine proteases 
("caspases^*). The caspase Ced-3. identified in C. elegans. is required for 
programmed cell death during development of the roundworm C. clegans. Ced-3 
10 homologies as well as other caspases have been characterized. The human caspase 
familv includes, for example, human ICE (interleukin- 1 -ft converting enzyme) 
(caspase-1). lCE rcl U (caspase-4), ICE ( ,,II1 (caspase-5), Mch5 (caspase-8), Mch4 
(caspase-10). ICE-LAP6 (caspase-9). Mch2 (caspase-6). CPP32 (caspase-3). ICE- 
LAP3 (casepase-7). ICII-1 (caspase-2). Caspase 11-14. and others. 
I 5 The caspases share many features. In this regard, caspases are cysteine 

proteases (named for a cysteine residue in the active site) that cleave substrates at 
Asp-X bonds. Furthermore, the primary caspase product is a zymogen that requires 
proteolytic cleavage at specific internal aspartate residues for activation. The primary 
tiene product is arranged such that the N-tcrminal peptide (prodomain) precedes a 
20 large subunit domain, which precedes a small subunit domain. Cleavage of a caspase 
yields two subunits, a large (generally approximately 20 kD) and a small (generally 
approximately 10 kD) subunit that associate non-covalently: to form a heterodimer. 
and. in some caspases, an N-terminal peptide of varying length (see Figure 1 ). The 
heterodimer may combine non-covalently to form a tetramer. 
25 Caspase zymogens are themselves substrates for caspases. Inspection 

of the interdomain linkages in each zymogen reveals target sites (i.e. protease sites) 
that indicate a hierarchical relationship of caspase activation. IK analyzing such 
pathwavs. it has been demonstrated that caspases are required for apoptosis to occur. 
Moreover, caspases appear to be necessary for the accurate and limited proteolytic 
30 events which are the hallmark of classic apoptosis (see Salvesen and Dixit. Ceil. 
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y/:443-446. 1997). However, when overexpressed in mammalian cells, the short 
prodomain caspases-3 and -6 cells are unable to undergo autocatalytic 
processing/activation and do not induce apoptosis. Thus, no cellular model system 
has been developed in which to test inhibitors of these caspases nor is gene delivery 
5 of a caspase commonplace. 

Therefore, there exists a need in the art for methods of assaying 
compounds for their ability to affect caspase activity as well as for methods of 
regulating caspases in order to treat diseases and syndromes. The present invention 
provides recombinant caspase constructs that are active in cells, allowing the 
10 regulation of apoptosis for the treatment of pathology as well as providing methods 
and compositions for assaying compounds for caspase inhibitor) and. thus, anti- 
apoptotic effects, while further providing other related advantages. 



SUMMARY Of THE INVENTION 

The present invention generally provides rev-caspases. In one aspect. 

15 the invention provides an isolated nucleic acid molecule encoding a rev-caspase. In 
certain embodiments, the rev-caspase is selected from the group consisting of rev- 
caspase- K rev-caspase-2. rev-caspase-3. rev-caspase-4. rev-caspase-5. rev-caspase-6. 
rev-caspase-7, rev-caspase-8. rev-caspase-9. rev-caspase- 1 0. rev-caspase- 1 1, rev- 
caspase- 12. rev-caspase- 1 3. and rev-caspase- 1 4. In other preferred embodiments, the 

20 rev-caspase is a human rev-caspase. Nucleic acid and amino acid sequences of rev- 
caspases are provided. The invention also provides rev-caspase proteins. 

In another aspect, an expression vector comprising the nucleic acid 
molecule encoding rev-caspase is provided, wherein the sequence encoding rev- 
caspase is operatively linked to a promoter. In certain embodiments, the promoter is 

25 inducible, such as HIV LTR. Host cells transfecied with the expression vectors are 
also provided. 

In the present invention, methods of identifying an inhibitor or 
enhancer of caspase processing activity are provided, comprising: (a) contacting a 
sample containing an in vitro translated rev-caspase with a candidate inhibitor or 
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candidate enhancer; and (b) detecting the presence of large and small subumts of rev- 
caspase. and therefrom determining the level of caspasc processing activity, wherein a 
decrease in processing indicates the presence of a caspasc inhibitor, and wherein an 
increase in processing indicates the presence of a caspasc enhancer, wherein 
processed rcv-caspasc yields large and small subunits. 

In other aspects, methods are provided for identifying an inhibitor or 
enhancer of caspase processing activity, comprising: (a) contacting a cell transfected 
with the vector expressing rev-caspase with a candidate inhibitor or candidate 
enhancer: and (b) detecting the presence of large and small subunits of rev-caspase. 
and therefrom determining the level of caspase processing activity, wherein a 
decrease in processing indicates the presence of a caspase inhibitor, and wherein an 
increase in processing indicates the presence of a caspase enhancer, wherein 
processed rev-caspase yields large and small subunits. 

Methods are also provided for identifying an inhibitor or enhancer of 
caspase-mediated apoptosis. comprising: (a) contacting a cell transfected with the 
vector expressing rev-caspase with a candidate inhibitor or candidate enhancer or 
with a reference compound; and (b) detecting cell viability, wherein viability of cells 
contacted with a candidate is increased in the presence of an inhibitor and is 
decreased in the presence of an enhancer compared to cells contacted w ith a reference 
compound. 

In other aspects, gene delivery vehicles, comprising the nucleic acid 
molecule encoding a rev-caspase are provided, wherein the rev-caspase sequence is 
operatively linked to a promoter. In preferred embodiments, the gene delivery 
vehicle is a retrovirus or adenovirus or the nucleic acid molecule is associated with a 
polycation. The gene delivery vehicle may further comprise a ligand that binds a cell 
surface receptor. 

The invention also prov ides methods of treating cancer or autoimmune 
diseases, comprising administering to a patient the gene delivery vehicles disclosed 
herein. 
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These and oilier aspects of the present invention will become ev ident 
upon reference to the following detailed description and attached drawings. In 
addition, the various references set forth below that describe in more detail certain 
procedures or compositions (c.y.. plasmids. etc.). and are therefore incorporated by 
5 reference in their entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A is a schematic representation of the processing and folding 
of human caspasc-3 into the mature zymogen represented by bar and ribbon diagrams 
and is representative of other caspases. a helices are shown as spirals and the p 
10 strands are represented by arrows. The N- and the C-termini of the LS are labeled N- 
LS and C-LS, respectively, and the termini of the SS are similarly labeled N-SS and 

c-ss. 

Figures IB and C are schematic representations of rev-caspase-3 and - 
6, respectively. In both Figures IB and C the N-terminus of the SS and the C- 

15 terminus of the LS are labeled as in Figure 1A and the linker region between the C- 
SS and the N-LS which includes the caspase-3 or -6 prodomain is represented by a 
thin line. Solid arrows indicate the cleavage sites (DEVDG. Asp9 and Asp28 — for 
rev-caspase-3 and VEIDA and Asp23— for rev-caspase-6) within the linker region. 
The hatched boxes represent a 15 residue-long T7-tag on the N-termini of the wild- 

20 type and the rev-caspases. All aspartate processing sites are indicated on the bar 
diagrams. Figure 1 B further depicts a schematic representation of the spontaneous 
folding of rev-caspase-3 into the mature zymogen represented a ribbon diagram. The 
ribbon diagram of rev-caspase-3 is based on the published crystal structure of 
caspase-3. 

25 Figure 2A is a scanned image of an autoradiogram representing SDS- 

FAGE analysis of rev-caspase autoprocessing. Caspase-3 and -6 or their rev-versions 
(Rev) including active site Cys to Ala mutants (Rev ("A) in pRSC-lae/ constructs 
were in vino translated in the presence of * S-methionme. The translation products 
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were then analyzed by SDS-PAGE and autoradiography. The LS and the SS arc 
indicated. 

Figures 2B and C are scanned images of autoradiograms representing 
SDS-PAGE analysis of the autoprocessing of rev-caspase-3 and -6. respectively in the 
5 presence of varying levels of selected caspase inhibitors. Rev-caspase-3 (Figure 2B) 
or rev-caspase-6 (Figure 2C) were in vitro translated in the presence of increasing 
concentrations of DFVD-CHO (0.04 |_iM) or zVAD-fmk (0-5 jaM). The translation 
products were then analyzed as in Figure 2 A. WT. wild-type. 

Figures 3A and B are scanned images representing the SDS-PAGE 
10 analysis of the ability of rev-caspase-3 (imaged by western blot) and -6 (imaged by 
autoradiogram) to cleave PARP and lamin. respectively. In Figure 3A purified 
human PARP was incubated with buffer (lane 1 ) or BL-21 bacterial extracts prepared 
from bacteria transformed with caspase-3 (lane 2). rev-caspase-3 (lane 3). caspase-6 
(lane 4). rcv-caspase-6 (lane 5) constructs or empty pET28a vector (lane 6) for 2 h ai 
15 37°C. The reaction products were then analyzed by SDS-PAGE and Western blotting 
with anti-human PARP antibody. In Figure3B a cDNA encoding the C-terminus of 
lamin A (amino acids) which contain the caspase-6 cleavage site (VEIDA) was 
amplified by PGR and in vitro translated in the presence of ?> S-methionine. The 
labeled product was incubated with buffer (lane 1) or the BL-21 bacterial extracts 
20 listed above for 2 h at 37°C, and then analyzed by SDS-PAGE and autoradiography. 
The cleavage products are indicated to the right. 

Figures 4A and B are bar diagrams representing the ability of rev- 
caspase-3 and -6 to induce apoptosis in MCF-7 cells. MCF-7 cells were transiently 
transfected with either rev-caspase-3 (Figure 4A). or rev-caspase-6 (figure 4B) 
25 expression constructs in combination with 4-fold of CrmA. p35 or Bcl-2 expression 
constructs, or 20 uM zVAD-fmk. Cells transfected with an empty vector or the wild- 
type caspase-3 or -6 were used as controls. 

Fiuure 5 A is a scanned image of an autoradiogram representing SDS- 
PAGE analysis of the enzymatic activity of uncicavahle rev-caspase-3. Uncleavablc 
30 rev-caspase-3 was in vitro translated in the absence or the presence of increasing 
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concentrations of DEVD-CHO. "l'hc translation product contains a cleavable 35 
residues-long IIis6-T7-iag at its N-terminus. The active site mutant rev-caspase-3 
(Rev OA) was used as a control. The p32 cleavage product without the His6-T7-tag 
is indicated to the right. 
5 Figure 5B is a plot of an activity assay of bacterially expressed 

uncleavable rev-caspase-3. The plot measures the ability of the uncleavable rev- 
caspase-3 to cleave the DEVD-AMC substrate. Rev, rev-caspase-3: Rev-mod. 
uncleavable rev-caspase-3; Rev-C/A. rev-caspase-3 with an active site mutation. 

Figure 6 is a multiple amino acid sequence alignment of the relatively 

10 conserved regions of the caspases (SEQ ID NOs: 54-115). In the bottom line, "c" 
refers to residues involved in catalysis, "b" refers to residues that bind the substrate- 
carboxylate of PI Asp. "a" refers to residues adjacent to the substrate P2-P4 
recognition responsible amino acids, "DX" indicates known and potential processing 
sites between the small and large subunits of the caspases. The roman numerals at the 

15 left of the figure indicate the caspase subfamilies: Ced-like (I), ICE-like (II). and the 
Nedd2/Ich-1-Iike (III). The asterisk represents the non-conservative substitution in 
the active site pentapeptide sequences of Mch4 (caspase-10). Mch5 (caspase-8). and 
Mch6 (caspase-9) 

Figure 7 depicts a nucleotide sequence of Rev-caspase-3 (SEQ ID 

20 NOT). 

Figure 8 depicts a nucleotide sequence of uncleavable Rev-caspase-3 
(SEQ ID NO:2). 

Figure 9 depicts a nucleotide sequence of Rev-caspase-6 (SEQ ID 

NO:3). 

25 Figure 10 depicts a schematic of some possible rev-caspases. L 

intervening sequence; SS. small subunit: P. prodomain; LS. large subunit; X. linker. 

Figures 1 1A and 1 1 li depict a nucleotide (SEQ ID NOs: 4 and 5) and 
predicted amino acid sequence of caspase- 1 (SEQ ID NO:6). 

Figures 1 2 A and 12 I J depict a nucleotide (SEQ ID NOs: 7 and X) and 
30 predicted amino acid sequence of caspase-2 (SEQ ID NO:9). 
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Figures 13A and 13B depict a nucleotide (SEQ ID NOs: 10 and 11) 
and predicted amino acid sequence of caspase-3 (SEQ ID NO: 12). 

Figures 14A and 14B depict a nucleotide (SEQ ID NOs: 13 and 14) 
and predicted amino acid sequence of caspase-4 (SEQ ID NO:l 5). 
5 Figures* 15A and 15B depict a nucleotide (SEQ ID NOs: 16 and 17) 

and predicted amino acid sequence of caspase-5 (SEQ ID NO: 18). 

Figures 16A and 16B depict a nucleotide (SEQ ID NOs: 19 and 20) 
and predicted amino acid sequence of caspase-6 (SEQ ID NO:21 ). 

Figures 17A and 17B depict a nucleotide (SEQ ID NOs: 22 and 23) 
10 and predicted amino acid sequence of caspase-7 (SEQ ID NO:24). 

Figures 18A-18C depict a nucleotide (SEQ ID NOs: 25 and 26) and 
predicted amino acid sequence of caspase-8 (SEQ ID NO:27). 

Figures 19A and 19B depict a nucleotide (SEQ ID NOs: 28 and 29) 
and predicted amino acid sequence of caspase-9 (SEQ ID NO: 30). 
15 Figures 20A and 20B depict a nucleotide (SEQ ID NOs: 31 and 32) 

and predicted amino acid sequence of caspase-10 (SEQ ID NO:33). 

Figures 21 A. 2 IB. and 21C depict predicted amino acid sequences of 
Rev-caspase-3 (A: SEQ ID NO:34). uncleavable rev-caspase-3 (B: SEQ ID NO:35). 
and rev-caspase-6 (C: SEQ ID NO:36). 

20 DETAILED DESCRIPTION OF THE INVENTION 

Prior to setting forth the invention, it may be helpful to an 
understanding thereof to set forth definitions of certain terms that will be used 
hereinafter. 

As used herein, a caspase refers to a cysteine protease that specifically 
25 cleaves proteins alter Asp residues. Caspases are initially expressed as zymogens, in 
which a large subunit is N-terminal to a small subunu. Caspases are generally 
activated by cleavage at internal Asp residues (Figure 1 A). These proteins have been 
identified in many eukaryoles. including ( dedans. Drosophita. mouse, and humans. 
Currently, there are at least 14 known caspase genes, named caspase- 1 through 
30 caspase- 14 C aspases are found in myriad organisms, including human, mouse. 
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insccl ( e.y.. Drosophila), and other invertebrates {c.^.. ('. c/c^ans). In Table I. ten 
human caspases are listed along with their alternative names. The nucleotide and 
amino acid sequences of representative human caspase gene products are presented in 
SGQ ID NOs: 4-33 and Figures 1 1-20. 

5 



Caspase 


Alternative name 


Caspase- 1 


ICE 


Caspase-2 


ICH-l 


Caspase-3 


CPP32. Yama, apopain 


Caspase-4 


lCE rcl H; TX, ICH-2 


Caspase-5 


1CE IC) III;TY 


Caspase-6 


Mch2 


Caspase- 7 


Mch3. ICE-LAP3. CMM-1 


Caspase-8 


FLICE: MACFI: Mclo 


Caspase-9 


ICE-LAP6: Mch6 


Caspase- 1 0 


Mch4. FLICE-2 



As used herein, *Tev-caspase" refers to a cysteine protease that 
specifically cleaves proteins after Asp residues and is expressed as a zymogen, in 
which a small subunit is N-terminal to a large subunit. 

10 Within the context of this invention, it should be understood that a 

caspase or rev-caspase includes wild-type protein sequences, as well as other variants 
(including alleles) of the native protein sequence. Briefly, such variants may result 
from natural polymorphisms or may he synthesized by recombinant methodology, 
and differ from wild-type protein by one or more amino acid substitutions, insertions. 

15 deletions, or the like. Typically, when engineered, amino acid substitutions will be 
conservative. i.e.. substitution of amino acids within groups of polar, non-polar, 
aromatic, charged, etc. amino acids. In the region of homology to the native 
sequence, variants should preferably have at least 00% amino acid sequence identity, 
and within certain embodiments, greater than c >2%. 95%, or c >7% identity. 

20 As will be appreciated by those skilled in the an. a nucleotide 

sequence encoding a caspase. rev-caspase or variant ma> differ from the known 
native sequences, due to codon degeneracies, nucleotide polymorphisms, or amino 
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acid differences. In other embodiments, variants should preferably hybridize to the 
native nucleotide sequence at conditions of normal stringency, which is 
approximately 25-30°C below Tin of the native duplex (e.g.. 5X SSPE. 0.5% SDS. 
5X Denhardt's solution. 50% formamide. at 42°C or equivalent conditions; sec 

5 .generally. Sambrook et al. Molecular Cloning: A Laboratory Manual. 2nd ed.. Cold 
Spring Harbor Press. 1987; Ausubel et al.. Current Protocols in Molecular Biology. 
Greene Publishing. 1987'). Low stringency hybridizations utilize conditions 
approximately 40°C below Tm, and high stringency hybridizations utilize conditions 
approximately 10°C below Tm. Variants preferably have at least 75% nucleotide 

10 identity to native sequence, preferably at least 80%. 85%. and most preferably at least 
90% nucleotide identity. 

An ^isolated nucleic acid molecule" refers to a polynucleotide 
molecule in the form of a separate fragment or as a component of a larger nucleic acid 
construct, that has been separated from its source cell (including the chromosome it 
15 normally resides in) at least once in a substantially pure form. Nucleic acid 
molecules may be comprised of a wide variety of nucleotides, including DNA. RNA. 
nucleotide analogues, or some combination of these. 

A. Caspase and Rev-Caspase Genes and Gene Products 

As noted above, the invention provides compositions relating to 
20 caspase and rev-caspase genes and gene products, and methods for the use of the 
genes and gene products. In particular, the invention provides rev-caspase constructs 
that arc active when expressed in cells. Given the disclosure provided herein, a 
caspase gene can be isolated from a variety of cell types and engineered to produce a 
rev-caspase. 

25 /. Isolation of caspase genes 

The present invention, as described herein, provides re\ -caspase genes, 
which are constructed from caspase genes. Caspase genes may be isolated irom 
either uenomic DNA or preferably cDNA. Isolation of caspase genes from genomic 
DNA oi cDNA tvpically can proceed by. first, generating an appropriate DNA lihrar> 
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through techniques for constructing libraries thai are known in the art {sec Samhrook 
el ah. Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Press. 1089) or 
purchased from commercial sources (e.g.. Clontech. Palo Alto. CA). Briefly. cDNA 
libraries can be constructed in bacteriophage vectors (e .g. AZAPI1 ). plasmids. or 
5 others, which are suitable for screening, while genomic DNA libraries can be 
constructed in chromosomal vectors, such as YACs (yeast artificial chromosomes), 
bacteriophage vectors, such as aEMBLj. AgtlO. cosmids, or plasmids. 

In one embodiment known caspase sequences may be utilized to 
design an oligonucleotide hybridization probe suitable for screening genomic or 

10 cDNA libraries. Preferably, such oligonucleotide probes are 20-30 bases in length. 
To facilitate hybridization detection, the oligonucleotide may be conveniently 
labeled, generally at the 5' end. with a reporter molecule, such as a radionuclide, (e.g.. 
32p), enzymatic label, protein label, fluorescein label, or biotin. Such libraries are 
then generally plated as phage or colonies, depending upon the vector used. 

15 Subsequently, a nitrocellulose or nylon membrane, to which the colonies or phage 
have been transferred, is probed to identify candidate clones which contain the 
caspase gene. Such candidates may be verified as containing caspase DNA by any of 
various means including, for example. DNA sequence analysis or hybridization with 
a second, non-overlapping probe. 

20 Once a library is identified as containing a caspase gene, the gene can 

be isolated by amplification. Briefly, when using cDNA library DNA as a template 
amplification primers are designed based upon known caspase gene sequences (see 
GenBank Accession Nos. X65010 (caspase- 1). U 1 302 1 (caspase-2). UI3737 
(caspase-3). U25804 (caspase-4), U28015 (caspase-5). U20536 (caspase-6). U37448 

25 (caspase-7). U60520 (caspase-8). U563O0 (caspase-0). U605W (caspase-10) Y1308 c > 
(caspase- 1 1 ). VI 3000 (caspase- 1 2). AF078533 ( caspase- 1 3 ). AP0O2OO7 (caspase- 14). 
and sequences provided herein). Amplification of cDNA libraries made from cells 
with high caspase activity is preferred.. Primers for amplification are preferabU 
derived from sequences in the 5' and 3' untranslated region in order to isolate a full- 

30 length cDNA. I he primers preferably have a CiC content of about 5U u o and contain 
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restriction sites to facilitate cloning and do not have sell-complementary sequences 
nor do ihey contain complementary sequences at their V end (to prevent primer-dimer 
formation). The primers are annealed to cDNA or genomic DNA and sufficient 
amplification cycles are performed to yield a product readily visualized by gel 
electrophoresis and staining. The amplified fragment is purified and inserted into a 
vector, such as >.gtlO or pBS(M13 + ). and propagated. Confirmation of the nature of 
the fragment is obtained by DNA sequence analysis or indirectly through amino acid 
sequencing of the encoded protein. 

Other methods may also be used to obtain a caspase encoding nucleic 
acid molecule. For example, a nucleic acid molecule encoding caspase may be 
obtained from an expression library by screening with an antibody or antibodies 
reactive to caspase (see. Sambrook. et al. Molecular Cloning: A Laboratory Manual. 
2nd Ed.. Cold Spring Harbor Laboratory Press. NY, 1987; Ausubel. et al. Current 
Protocols in Molecular Biology, Greene Publishing Associates and Wiley- 
Interscience. NY. 1995). 

Caspase genes from a variety of species may be isolated using the 
compositions provided herein, f or closely related species, the human sequence or 
portion thereof may be utilized as a probe on a genomic or cDNA library. For 
example, a fragment of caspase that encompasses the catalytic site may be labeled 
and used as a probe on a library constructed from mouse, primate, rat. dog. or other 
vertebrate. warm-blooded or mammalian species. An initial hybridization at normal 
stringency may yield candidate clones or fragments. If no hybridization is initially 
observed, varying degrees of stringency may be used, (see Sambrook et al. supra. 
and other well-known sources for stringency conditions) While such probes may also 
be used to probe libraries from evolutionarily diverse species, such as Drosophila, 
hybridization conditions will likely be more relaxed. 

While relaxed hvbridization conditions using probes designed from 
human sequences may identify caspase genes of evolutionarily diverse species it may 
be more beneficial to attempt to directly isolate these genes from a library using 
methods which do not require the human sequence per se These methods include. 
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but are not limited to. amplification using primers derived from conserved areas, 
amplification using degenerate primers from various regions, antibody probing of 
expression libraries, and the like. For example, random-primed amplification (e.g. . 
polymerase chain reaction) may be employed (.see. e.g., Meiliods Enzymol. 254: 275. 
5 1995; Trends Genet. 11: 242. 1995: Liang and Pardee. Science 257: 967. 1992: Welsh 
et al.. /V//c7. Acids Res. 20: 4965, 1992). In addition, variations of random-primed 
PCR may also be used, especially when a particular gene or gene family is desired. 
In such a method, one of the amplification primers is an "anchored oligo(dT) 
(oligo(dT)dNr and the other primer is a degenerate primer based upon amino acid or 

10 nucleotide sequence of a related gene. A gene sequence is identified as a caspase by 
amino acid similarity and / or nucleic acid similarity. Generally, amino acid 
similarity is preferred. Candidate caspase genes are examined for enzyme activity by 
one of the functional assays described herein or other equivalent assays. 

Variants of caspase and rev-caspase genes provided herein may be 

15 engineered from natural variants (e.g., polymorphisms, splice variants, mutants), 
synthesized or constructed. Many methods have been developed for generating 
mutants (see, generally. Sambrook et al.. supra: Ausubel. et al.. supra, and the 
discussion above). Briefly, preferred methods lor generating a few nucleotide 
substitutions utilize an oligonucleotide that spans the base or bases to be mutated and 

20 contains the mutated base or bases. 1 he oligonucleotide is hybridized to 
complementary single stranded nucleic acid and second strand synthesis is primed 
from the oligonucleotide. The double-stranded nucleic acid is prepared for 
transformation into host cells, typically E. colL but alternatively, other prokaryotes. 
yeast or other eukaryotes. Standard screening and vector growth protocols are used to 

25 identify mutant sequences and obtain high yields. 

Similarly, deletions and/or insertions of the caspase or rev-caspase 
genes may be constructed by any of a variety of known methods as discussed supra. 
for example, the gene can be digested with restriction enzymes and religated such 
that a sequence is deleted cm' religated with additional sequences such that an insertion 

30 or large substitution is made. Other means of generating variant sequences may be 
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employed with methods known in the art. lor example those described in Sambrook 
et al. (supra) and Ausubel ct al. (supra). Verification of variant sequences is typically 
accomplished by restriction enzyme mapping, sequence analysis, or probe 
hybridization. Variants which catalyze Asp-specific cleavages are useful in the 
5 context of this invention. 

B. Rev-Caspasrs 

The caspases of the present invention are generated by rearranging the 
gene sequence of the caspase gene such that the nucleic acid sequence encoding the 
small subunit precedes (is 5' to) the nucleic acid sequence encoding the large subunit. 
10 These rearranged caspases are called rev-caspases. 
/. Structure of rev-caspases 

The rev-caspases of the present invention comprise at least a portion of 
the small subunit and at least a portion of the large subunit. In preferred 
embodiments, the prodomain or a portion thereof (see Figures 1. 10) and/or an 
15 intervening sequence or a portion thereof (see Figure 10) are also present in rev- 
caspase. In other preferred embodiments, a "linker" region is located between the 
small and large subunits. 

The boundaries of the small subunit and large subunit are identified 
either experimentally by amino acid sequence analysis of the mature caspase or by 
20 inspection of structural homology {e.g.* the conserved Asp-X cleavage site). For 
exemplary purposes, the Table below presents the boundaries of the prodomain (P), 
large subunit (LS), intervening sequence (I), and small subunit (SS) of human 
caspase- 1 through -10. The nucleotide numbers refer to the nucleotides in SHQ ID 
NOs: 4-33 and in Figures 1 1-20. 

25 



Caspase 


Prodomain j Larjjc Subunit 


Intervening i „ t . . 

! Small Subunit 

sequence 


Caspase- 1 


1-357 ! .oS-X l >l 
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Caspasc-4 


1-240 


241-810 


81 1-867 


868-1 131 


Caspasc-5 


1-363 


364-933 




934-1254 


Caspase-6 


1-69 


70-537 


538-579 


580-879 


Caspase-7 


1-69 


70-594 




595-909 


Caspase-8 


1-681 


682-1 173 




1 174-1488 


Caspase-9 


1 -390 


391-945 


946-990 


991-1248 


Caspase-10 


1-657 


658-1116 




1 1 17-1437 



As noted above, a portion of the large suhunit and small subunit may- 



be used in rev-caspase constructs. When designing rev-caspases that contain a 
portion of these subunits. the active site (e.g.. QACXG. where X is Arg, Gin. or Gly). 
which is located near the C-terminus of the large subunit should not be deleted if 
5 protease activity is desired. Preferably, the 3-dimensional structure as determined bv 
X-ray crystallography (see Mittl et aL V. Biol Cham.. 2 "2:6539-6547. 1997: Rotondu 
et al.. Nat. Struct. Bio/.. j:619-625. 1996: Walker et aL. Cell. "5:343-352. 1994: 
Wilson et ah. Nature. 370:210-215, 1994) is maintained. For example, from the x-ray 
crystallographic structures of caspases, the amino acids, that are important in binding 

10 substrates have been identified. Likewise, substitutions of amino acids in the active 
site may be detrimental to maintaining activity. Although it is preferred that both 
subunits are derived from the same caspase. combinations of subunits from different 
caspases and/or from different species may be used. 

The prodomain (sometimes called an N-terminal peptide) is generally 

15 not required for enzyme activity and is normally released /;/ vivo, Rev-caspases of 
the present invention optionally have a prodomain or portion thereof Similarly, the 
intervening sequence, which is present in certain caspases, is optional for inclusion in 
rev-caspases. 

In certain embodiments, a linker region is engineered between the 
20 small and large subunits. A linker region", as used herein, refers to a peptide of 
from about 5 to about 50 amino acids/ In preferred embodiments, the linker mav 
contain a protease sensitive or cleavage site. Any site recognized by an intracellular 
protease may be used. In addition, multiple protease sensitive sites mav be tandemlv 
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arranged in the same linker. Preferred protease sensitive sites are susceptible to 
cleavage bv caspases or by viral proteases. Preferred caspase sensitive siles include, 
but are not limited to DXXDG (wherein X is any amino acid; SEQ ID NO:37): 
DEVDG (SHQ ID NO:38). IETDG (SEQ ID NO:39). YVADG (SEQ ID NO:40). 

5 YVHDG (SEQ ID NO:41). and VVEIIDG (SEQ ID NO:42). Furthermore, the Gly 
residue may be Ala or another small amino acid. 1 he latter three sites are specifically 
cleaved by caspases-1, -4. and -5. Other sites specifically cleaved by only one or a 
few caspases are preferred in certain embodiments. Viral proteases cleavage sites 
include, but are not limited to. those recognized and cleaved by HIV protease. HCV 

10 (hepatitis C virus) protease. HBV (hepatitis B virus) protease, and rhinovirus 
protease. 

2. Construction of rev-caspases 

Rev-caspases may be constructed from caspase sequences by a variety 
of methods known in the art. A preferred method is amplification {e.g.. polymerase 
15 chain reaction (PCR)) to selectively amplify the individual subunits and place these in 
cloning vectors such as pUC such as described in Example 1 . Moreover, such PCR 
reactions can be performed in a variety of ways such that the primers used for 
amplification contain specific restriction endonuclease sites to facilitate insertion into 
a vector. 

20 further, a variety of other methodologies besides PCR may be used to 

attain the desired rearrangement. For example, one skilled in the art may employ 
isothermal methods to amplify the nucleotide sequence of interest, using existing 
restriction endonuclease sites present in the nucleotide sequence to excise and insert 
sequences, or bv the introduction of distinct restriction endonuclease sites by site- 

25 directed mutagenesis followed by excision and insertion. These and other methods 
are described in Sambrook et al.. supra: Ausubef et aL supra. Briefly, one 
methodology is to generate single-stranded cDNA of the caspase of interest, toliowed 
by annealing a primer, which is complementary except for the desired alteration u\.e . 
a small insertion, deletion, or mutation such that a unique restriction site is created 

30 between the larue and small subunits and or al the 5' and 3" ends of both subunits). 
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Bacterial celts are transformed and screened for those which contain desired 
construct. I his construct is then digested to liberate the subunit sequences, which can 
then he purified and religated into the appropriate orientation. 

As indicated above, rev-caspase genes may be manipulated to contain 
insertions, deletions or substitutions. Moreover, such variant rev-caspase genes 
useful in the context of this invention include those which facilitate Asp-specific 
cleavages indicative of caspase activity. Further, variants which are incapable of 
being cleaved into separate subunits are encompassed within the context of this 
invention, if those variants are able to facilitate Asp-specific cleavages by wav of a 
cystcinc-containing active site. By way of guidance, amino acids involved in 
catalysis. Asp recognition in substrate, and P2-P4 substrate recognition are provided 
in Figure 6. 

C. Vectors. Host Cells and Means of Expressing and Producing Protein 
Caspase may be expressed in a variety of host organisms. In certain 
embodiments, caspase is produced in bacteria, such as E. colt, or mammalian cells 
(e.g.. CHO and COS-7). for which many expression vectors have been developed and 
are available. Other suitable host organisms include other bacterial species, and 
eukaryoies. such as yeast (e.g.. Sciccharomyces carevisiae). and insect cells (e.g.. 
S(9). 

A DNA sequence encoding rev-caspase is introduced into an 
expression vector appropriate for the host. In certain embodiments, rev-caspase is 
inserted into a vector such that a fusion protein is produced. The rev-caspase 
sequence is derived as described herein. As discussed above, the sequence may 
contain alternative codons lor each amino acid with multiple codons. The alternative 
codons can be chosen as "optimal"" for the host species. Restriction sites are typicallv 
incorporated into the primer sequences and are chosen with regard to the clonine site 
of the vector. !f necessary, translational initiation and termination codons can be 
engineered into the primer sequences. 
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At minimum, the vector must contain a promoter sequence. As used 
herein, a " promoter" refers to a nucleotide sequence that contains elements that direct 
the transcription of a linked gene. At minimum, a promoter contains an RN A 
polymerase binding site. More typically, in eukaryotes. promoter sequences contain 
binding sites for other transcriptional factors that control the rate and* timing of gene 
expression. Such sites include TATA box. CAAT box. POU box. API binding site, 
and the like. Promoter regions may also contain enhancer elements. When a 
promoter is linked to a gene so as to enable transcription of the gene, it is "opcratively 
linked". 

Other regulatory sequences may be included. Such sequences include 
a transcription termination signal sequence, secretion signal sequence, origin of 
replication, selectable marker, and the like. The regulatory sequences are 
operationally associated with one another to allow transcription or translation. 

The expression vectors used herein include a promoter designed for 
expression of the proteins in a host cell (e.g.. bacterial). Suitable promoters are 
widely available and are well known in the art. Inducible or constitutive promoters 
are preferred. Such promoters for expression in bacteria include promoters from the 
T7 phage and other phages, such as T3. T5. and SP6. and the irp. //;/?, and lac 
operons. Hybrid promoters (sec. U.S. Patent No. 4.551.433). such as lac and ire. may 
also be used. Promoters for expression in eukaryotic cells include the P1U or 
polyhedron gene promoter of baculovirus/insect cell expression systems (see. e.g.. 
U.S. Patent Nos. 5.243,041. 5,242.687, 5.266.317. 4,745,051. and 5.169.784). 
MMTV LTR. CMV IE promoter, RSV LTR, SV40. metallothionein promoter (see. 
e.g.. U.S. Patent No. 4.870.009) and the like. 

The promoter controlling transcription of rev-caspase may itself be 
controlled bv a repressor. In some systems, the promoter can be derepressed b> 
altering the physiological conditions of the cell, for example, by the addition of a 
molecule that competiti vely binds the repressor, or bv altering the temperature of the 
growth media. Preferred repressor proteins include, but are not limited to the /•.". call 
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lacl repressor responsive to IPTG induction, the temperature sensitive >.cI857 

repressor, and the like. The E coli iael repressor is preferred. 

In other preferred embodiments, the vector also includes a 

transcription terminator sequence. A "transcription terminator region" has either a 
5 sequence that provides a signal that terminates transcription by the polymerase that 

recognizes the selected promoter and/or a signal sequence for polyadenvlation. 

Preferably, the vector is capable of replication in the host cells. Thus. 

when the host cell is a bacterium, the vector preferably contains a bacterial origin of 

replication. Preferred bacterial origins of replication include the fl-ori and col El 
10 origins of replication, especially the ori derived from pUC plasmids. In veast. ARS 

or CL-N sequences can be used to assure replication. A well-used system in 

mammalian cells is SV40 ori. 

The plasmids also preferably include at least one selectable marker 

that is functional in the host. A selectable marker gene includes any gene that confers 
15 a phenotype on the host that allows transformed cells to be identified and selectively 

grown. Suitable selectable marker genes for bacterial hosts include the ampicillin 

resistance gene (Amp r ), tetracycline resistance gene (Tc r ) and the kanamvein 

resistance gene (Kan r ). The kanamvein resistance gene is presentlv preferred. 

Suitable markers for eukaryotes usually require a complementary deficiency in the 
20 host (e.<;.. thymidine kinase (tk) in tk- hosts). However, drug markers are also 

available (t\£.. G418 resistance and hygromycin resistance). 

The sequence of nucleotides encoding rev-caspase may also include a 

secretion signal, whereby the resulting peptide is a precursor protein processed and 

secreted. The resulting processed protein may be recovered from the periplasmic 
25 space or the fermentation medium. Secretion signals suitable for use are widely 

available and are well known in the art <von lleijne. ./ Mol. liiol. M'-/:W- 1 05. 1 C )S5). 

Prokaryotic and eukaryotic secretion signals that are functional in E. coli (or other 

host) may be employed. The presently preferred secretion signals include, but are not 

limited to. those encoded by the following E. coli genes: pell* (Lei el aL ./. 
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Bacterial. M9:437 c >. 1 c > S 7 ) . phoA. ompA. ompT. ompK. ompC. beta-lactamase. and 
alkaline phosphatase. 

One skilled in the art appreciates thai there are a wide variety of 
suitable vectors for expression in bacterial cells and which are readily obtainable. 
5 Vectors such as the pET series (Novagen. Madison. WI). the lac and trc series 
(Pharmacia. Uppsala. Sweden). pTTQ18 (Amersham International pic. England). 
pACYC 177, pGEX series, and the like are suitable for expression of a rev-caspase. 
Baculovirus vectors, such as pBlueBac (see* U.S. Patent Nos. 5.278.050. 

5.244,805. 5.243.041. 5.242.687, 5,266,317. 4,745.051. and 5.169.784: available 
10 from Invitrogen. San Diego) may be used for expression in insect cells, such as 
Spodoptera frugiperda slV cells (see. U.S. Patent No. 4.745.05 1 ). The choice of a 
bacterial host for the expression of a rev-caspase is dictated in part by the vector. 
Commercially available vectors are paired with suitable hosts. 

A wide variety of suitable vectors for expression in eukaryotic cells 
15 are available. Such vectors include pCMVLacI. pXTt (Stratagene Cloning Systems. 
La Jolla. CA); pCDNA series. pREP series. pEBVI lis (Invitrogen. Carlsbad. CA). In 
certain embodiments, rev-caspase gene is cloned into a gene targeting vector, such as 
pMClneo. a pOG series vector (Stratagene Cloning Systems). 

Rev-caspase is isolated by standard methods, such as affinity 
20 chromatography, size exclusion chromatography, metal ion chromatography, ionic 
exchange chromatography. HPLC. and other known protein isolation methods, (see 
generally Ausubel et al. supra: Sambrook et aL supra). An isolated purified protein 
gives a single band on SDS-PAGE when stained with Coomassie blue. 

Rev-caspase may be expressed as a hexa-his fusion protein and 
25 isolated by metal-containing chromatography, such as nickel -coupled beads. Briefly, 
a sequence encoding Mis,, is linked to a DNA sequence encoding a rev-caspase. 
Althotmh the Mis,, sequence can be positioned anywhere in the molecule, preferably it 
is linked at the _V end immediately preceding the termination eodon. The fusion ma> 
be constructed bv any of a variety of methods. A convenient method is amplification 
30 of the rev -caspase gene using a downstream primer dial contains the codons for 1 lis,.. 
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Purilled rev-caspase protein may be used in assays to screen Tor 
inhibitory drugs. These assays ma> be performed in vino or //; viva and utili/e any of 
the methods described herein or thai are known in the art. The protein may also be 
crystallized and subjected to X-ray analysis to determine its 3-dimensional structure 
5 or used to raise antibodies. 

D. USES OF REV-CASPASE GENE AND GENE PRODUCT 
/. Inhibitors and enhancers o f caspase activity 

Candidate inhibitors and enhancers may be isolated or procured from a 

variety "of sources, such as bacteria, fungi, plants, parasites, libraries of chemicals, 
10 peptides or peptide derivatives and the like. Inhibitors and enhancers may be also be 

rationally designed, based on the protein structure determined from X-ray 

crystallography (see. Mittl et al.. J. Biol. Chcm.. 272:6539-6547. 1997). In certain 

preferred embodiments, the inhibitor targets a specific caspase . caspase-3 and 

not any other caspases). 
15 Without being held to a particular mechanism, the inhibitor may act by 

preventing processing of caspase or by preventing enzymatic acti\ity. or by other 

mechanism. The inhibitor may act directly or indirectly. In preferred embodiments. 

inhibitors interfere in the processing of the caspase protein. Jn other preferred 

embodiments, the inhibitors are small molecules. In a most preferred embodiment, 
20 the inhibitors prevent apoptosis. Inhibitors should have a minimum of side effects 

and arc preferably non-toxic. Inhibitors that can penetrate cells are preferred. 

In addition, enhancers of caspase activity or expression are desirable in 

certain circumstances. At times, increasing apoptosis will have a therapeutic effect. 

For example, tumors or cells that mediate autoimmune diseases are appropriate cells 
25 for destruction. Enhancers may increase the rate or efficiency of caspase processing. 

increase transcription or translation, or act through other mechanisms. As is apparent 

to one skilled in the art. many of the guidelines presented above apply to the design of 

enhancers as well. 
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Screening assa\s tor inhibitors and enhancers will vary according to 
the tvpe of inhibitor or enhancer and the nature of the activity that is being affected. 
Assays may be performed in vitro or in vivo. In general. /// vitro assays are designed 
to evaluate caspase protein processing or caspase enzymatic activity, and in vivo 
5 assays are designed to evaluate caspase protein processing, caspase enzymatic 
activity, apoptosis. or caspase cleavage of substrate. In any of the assays, a 
statistically significant increase or decrease compared to a proper control is indicative 
of enhancement or inhibition. 

One in vitro assay can be performed by examining the effect of a 
10 candidate compound on processing of rev-caspase into two subunits. Briefly, a 
cleavable form of rev-caspase. that is a primary translation product, is obtained from 
an in vitro translation system. The cleavable form of rev-caspase is preferably 
constructed to be auto-cleaved, but can be constructed to be cleaved by other protease 
components present or added to the reaction. This primary product is contacted with 
15 or without or translated in the presence or absence of a candidate compound and 
assessed for appearance of the two subunits. to facilitate detection, typically, the 
primary product of rev-caspase is labeled during translation, cell viability, and the 
like. The two subunits may be readily detected by autoradiography after gel 
electrophoresis. One skilled in the art will recognize that other methods of labeling 
20 and detection may be used alternatively. 

An alternative in vitro assay is designed to measure cleavage of a 
caspase substrate Acetyl DEVD-aminomethyl coumarin (amc). lamin. PRPP. 

and the like). Substrate turnover may be assayed using either cleavable or 
noncleavable rev-caspase. Briefly, in this method, rev-caspase is translated and 
25 allowed sufficient time to be processed, if a cleavable rev-caspase is being used. The 
caspase substrate along with the candidate compound is added to the reaction. 
Detection of cleaved substrate is performed by any one of a variety of standard 
methods. Generally, the substrate will be labeled and followed by an appropriate 
detection means. 
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Moreover, any known enzymatic analysis can he used to follow the 
inhibitory or enhancing ability of a candidate compound with regard to a rev-caspase 
of this invention. For example, one could express the rev-caspase of interest in a cell 
line be it bacterial, insect, mammalian or other, either in cleavable or noncleavable 
5 form and purify the rev-caspase. The purified rev-caspase could then be used in a 
variety of assays to follow its catalytic ability in the presence of candidate 
compounds, as noted above. Such methods of expressing and purifying recombinant 
proteins are known in the art and examples can be found in Sambrook et ah. 
Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Press, 198 c ) as well as 

1 0 in a number of other sources. 

//■; vivo assays are typically performed in cells transfected either 
transiently or stably with an expression vector containing a rev-caspase gene, such as 
those described herein. These cells are used to measure rev-caspase processing, 
substrate turnover, or apoptosis in the presence or absence of a candidate compound. 

15 When assaying apoptosis. a variety of cell analyses may be used including, for 
example, dye staining and microscopy to examine nucleic acid fragmentation and 
porosity of the cells. Further, in vivo assaying for the ability of the transfected rev- 
caspase to cleave known substrates that are co-transfected or placed in the cell culture 
media in the presence of the candidate compound can be performed thereby allowing 

20 for the detection and determination of substrate turnover. 

The assays briefly described herein may be used to identify an enhance 
or inhibitor that is specific for an individual caspase. In a preferred embodiment 
candidate compounds would be analyzed using a variety of rev-caspases (e.g.. rev- 
caspase- 1 through rev-caspase- 14) to identify specific for indiv idual caspases. 

25 A variety of methodologies exist can be used to investigate the effect 

of a candidate compound. Such methodologies are those commonly used to analyze 
enzymatic reactions and include, for example. SDS-PAGF. spectroscopy. HPI.C 
analysis. autoradiography. chemi luminescence. chromogenic reactions. and 
immunochemistry {e.g., blotting, precipitating, etc.). 
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Inhibitors and enhancers may be used in the context of this invention 
to exert control over the cell death process or cytokine activation (e. t </.. 1L-1. which is 
activated by caspase-1). Thus, these inhibitors and enhancers will have utility in 
diseases characterized by either excessive or insufficient levels of apoptosis. 
5 Inhibitors of proteases have potential to treat the major neurodegenerative diseases: 
stroke. Parkinson's Disease. Alzheimer's Disease, and ALS. As well, caspase 
protease inhibitors may be used to inhibit apoptosis in the heart following myocardial 
infarction, in the kidney following acute ischemia, and in diseases of the liver. In 
other embodiments, inhibitors of caspase-1 can be used to inhibit the release of the 
10 pro-inflammatory 1L-1(5. and thus may provide therapeutic benefit in treating 
inflammation and/or autoimmune disorders. Enhancers of caspase activity may be 
used in contexts when apoptosis or cytokine activation are desired. For example, 
inducing or increasing apoptosis in cancer cells or aberrantly proliferating cells may- 
be effected by delivery of a caspase enhancer. 
15 The inhibitors and enhancers may be further coupled with a targeting 

moiety that binds a cell surface receptor specific to the cells. Administration of 
inhibitors or enhancers will generally follow established protocols. The compounds 
of the present invention may be administered either alone, or as a pharmaceutical 
composition. Briefly, pharmaceutical compositions of the present invention may 
20 comprise one or more of the inhibitors or enhancers as described herein, in 
combination with one or more pharmaceuticals or physiologically acceptable 
carriers, diluents or excipients. Such compositions may comprise buffers such as 
neutral buffered saline, phosphate buffered saline and the like, carbohydrates such as 
elucose. mannose. sucrose or dextrans. mannitol. proteins, polypeptides or amino 
25 acids such as glycine, antioxidants, chelating agents such as EDTA or glutathione, 
adjuvants (e.u.. aluminum hydroxide) and preservatives. In addition, pharmaceutical 
compositions of the present invention may also contain one or more additional active 
ingredients. 

Compositions of the present invention may be formulated lor the 
30 manner of administration indicated, including for example, for oral, nasal, venous. 
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intracranial, intraperitoneal, subcutaneous, or intramuscular administration. Within 
other embodiments of the invention, the compositions described herein mav be 
administered as part of a sustained release implant. Within yet other embodiments, 
compositions of the present invention may be formulized as a lyophilizaic. utilizing 
appropriate excipients which provide stability as a lyophilizate. and subsequent to 
rehydration. 

2. Gene fherapy 

As noted above, rev-caspases may be delivered to cells as part of gene 
delivery vehicles. fn many diseases and syndromes, too little apoptosis is an 
important feature in their development. Treatment of many autoimmune diseases and 
tumors would benefit from increased apoptosis. One means to increase apoptosis is 
to provide target cells with caspase genes in an expressible form. This may be 
accomplished by delivery of DNA or cDNA capable of in vivo transcription of the 
rev-caspase. More specifically, in order to produce rev-caspascs in vivo, a nucleic 
acid sequence coding for the rev-caspase is placed under the control of a eukaryoiic 
promoter (e.g.. a pol III promoter. CMV or SV40 promoter). Where it is desired to 
more specifically control transcription, the rev-caspase may be placed under the 
control of a tissue or cell specific promoter {e.g.. to target cells in the liver), or an 
inducible promoter, such as metallothionein. 

Many techniques for introduction of nucleic acids into cells are 
known. Such methods include retroviral vectors and subsequent retrovirus infection, 
adenoviral or adeno-associated viral vectors and subsequent infection, and complexes 
of nucleic acid with a condensing agent (e.g. . poly-lysine). These complexes or viral 
vectors may be targeted to particular cell types by way of a ligand incorporated into 
the vehicle. Many ligands specific for tumor cells and other cells are well known in 
the art. 

A wide variety of vectors may be utilized within the context of the 
present invention, including for example, plasmids. viruses, retrotransposons and 
cosmids. Representative examples include adenoviral vectors [e.g.. WO 94/26914. 
WO 93/9191; Vei el al.. Gene Therapy I\W1-2W). 1994; Kolls el aL. f\\AS 
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9/( 1 ):215-219. 1994: Kass-Eisler et al.. PNAS 0^(24): 1 1408-502. 199V Guzman et 
al.. Circulaiion A\V(6):2838-48. 1993; Guzman et al.. Cir. Res. o(6):1202-1207. 
1993; Zabncr et al.. Cell ~5(2):207-2 1 6. 1993; Li et al.. Hum Gene Ther. 7(4):403- 
409. 1993: Caillaud et al.. Eur. J. Neurosci. 5( 10): 1 287-1 20 1 . 1993). adeno- 
associated type 1 ("AAV- 1") or adeno-associated type 2 ("AAV-2") vectors {see WO 
95/13365; Flotte et al., PNAS 9/7(22)4061 3-1061 7. 1993). hepatitis delta vectors, 
live, attenuated delta viruses and herpes viral vectors U.S. Patent No. 

5.288.641 ). as well as vectors which are disclosed within U.S. Patent No. 5.166.320. 
Other representative vectors include retroviral vectors (e.g.. EP 0 415 731; WO 
90/07936; WO 91/02805: WO 94/03622: WO 93/25698; WO 93/25234: U.S. Patent 
No. 5.219.740: WO 93/1 1230; WO 93/10218. 

Within certain aspects of the invention, nucleic acid molecules that 
encode the rev-caspasc may be introduced into a host cell utilizing a vehicle, or by 
various physical methods. Representative examples of such methods include 
transformation using calcium phosphate precipitation (Dubcnsky et al.. PNAS 
( S7:7529-7533. 1984). direct microinjection of such nucleic acid molecules into intact 
target cells (Acsadi et al.. Nature J52:815-818. 1991). and electroporation whereby 
cells suspended in a conducting solution are subjected to an intense electric field in 
order to transiently polarize the membrane, allowing entry of the nucleic acid 
molecules. Other procedures include the use of nucleic acid molecules linked to an 
inactive adenovirus (Cotton et al.. PNAS <V9:6094. 1990). lipofection (Feigner et aL. 
Proc. Nad. Acad. Sci. USA ^7:7413-7417. 1989), microprojectile bombardment 
(Williams et al., PNAS <S'<V:2726-2730. 1991). polycation compounds such as 
polylvsinc. receptor specific ligands. liposomes entrapping the nucleic acid 
molecules, spheroplast fusion whereby /:. call containing the nucleic acid molecules 
are stripped of their outer cell walls and fused to animal cells using polyethylene 
glvcof viral transduction. (Cline et al.. Pharmac. Ther. 29:69. 1985: and Friedmann 
el al.. Science 27-7:1275. 1989). and I ) X A iigand (\Vu et al. ./. of Biol. (hem. 
267:16985-16987. 1989). as well as psoralen inactivated viruses such as Sendai or 
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Adenovirus. In one embodiment, the rev-caspase construct is introduced into the host 
cell using a liposome. 

As noted above, pharmaceutical compositions also are provided bv 
this invention. These compositions may contain any of the above described 
5 inhibitors- enhancers. DNA molecules, vectors or host cells, along with a 
pharmaeeutically or physiologically acceptable carrier, excipients or diluents. 
Generally, such carriers should be nontoxic to recipients at the dosages and 
concentrations employed. Ordinarily, the preparation of such compositions entails 
combining the therapeutic agent with buffers, antioxidants such as ascorbic acid, low 

10 molecular weight (less than about 10 residues) polypeptides, proteins, amino acids, 
carbohydrates including glucose, sucrose or dextrins. chelating agents such as EDTA. 
glutathione and other stabilizers and excipients. Neutral buffered saline or saline 
mixed with nonspecific serum albumin are exemplary appropriate diluents. 

In addition, the pharmaceutical compositions of the present invention 

15 may be prepared for administration by a variety of different routes, including lor 
example intraarticularly. intracranial ly. intradermal ly. intrahepatically, 
intramuscularly. intraocular ly. intraperitoneal ly. intrathecal ly. intravenously, 
subcutaneously or even directly into a tumor. In addition, pharmaceutical 
compositions of the present invention may be placed within containers, along with 

20 packaging material which provides instructions regarding the use of such 
pharmaceutical compositions. Generally, such instructions will include a tangible 
expression describing the reagent concentration, as well as within certain 
embodiments, relative amounts of excipient ingredients or diluents (e.g.. water, saline 
or PBS) which may be necessary to reconstitute the pharmaceutical composition. 

25 Pharmaceutical compositions are useful for both diagnostic or therapeutic purposes. 

Pharmaceutical compositions of the present invention mav be 
administered in a manner appropriate to the disease to be treated (or prevented). The 
quantity and frequency of administration will be determined by such factors as the 
condition of the patient, and the type and severity of the patient's disease. Dosaues 

30 may be determined most accurate!) during clinical trials. Patients mav be monitored 
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for therapeutic effectiveness by appropriate technology, including signs of clinical 
exacerbation, imaging and the like. 

The following examples are offered by way of illustration, and not b> 
way of limitation. 
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EXAMPLES 
EXAMPLE 1 

GliNf - RATION OFCDNAS EXPRESSING RE V-CaSPASE-3 AND 6 PRECURSORS 

5 

Generation of cDNAs encoding rev-caspase-3 and 6 precursors were 
generated by PCR. The large (LS) and small subunits (SS) of caspase-3 were 
amplified with the following primers using the easpase-3 cDNA as a template: 

LS-forward. ATGGAGAACACTGAAAACTCAG (SEQ ID NO:43); 
10 LS-re verse. GTCATCATCAACACCTCAGTCT (SEQ ID NO:44); 

SS-fbrward. GGATCCATGATTGAGACAGACAGTGG (SEQ ID 

NO:45); 

SS-reverse. A TC A A C TTC A TC G TG A T A A A A A T A G A G TT *C (SEQ 

ID NO:46). 

15 The PCR products were cloned separately into the Sma I site of 

pBIuescript KS'. The small subunit was then excised from KS" -vector with Bam MI 
and inserted into the Bam HI site of the second KS -vector which contains the large 
subunit. This places the small subunit in-frame 5' to the large subunit. Rev-caspase-6 
was amplified and cloned in the KS -vector in a similar way. The following PC R 
20 primers were used with caspase-6-His6 cDNA as a template: 

LS-forward. ATGAGCTCGGCCTCGGGG (SEQ ID NO:47): 
LS reverse. TTAATCTACTACATCCAAAGG (SEQ ID NO:48); 
SS- forward. 

GG AT CCATGGT AGAA ATAG ATGC AGCCTCCGTTTAC (SEQ I D NO:49) 
25 SS-reverse. ATCAATTTCAACGTCiGTGGTCiGTGGT'GGTGC (SEQ 

ID NO:50). 

The resulting nucleotide sequences were such that the wild type 
subunit order was reversed thus creating a contiguous nucleotide sequence wherein 
the coding region for the small subunit preceded that of the large subunit (See figure 
30 1 ). T he engineered contiguous caspase-3 and 6 molecules {i.e., rev-easpasc 
molecules) in which the SS was fused in frame N-lerminal w» the l.S. and a cleavage 
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site (DHVDG in the case of caspasc-3; VEIDS in the case of caspase-6 (these internal 
cleavage sites were designed to be specific for the caspase in which it was introduced 
in order to investigate the autocatalytic activity of the particular caspase)) was 
introduced between the two subunits and is depicted in Figures 1 B and C. 
5 To express the rev-caspases in bacteria, their cDNAs were excised 

with Bam Hl/Xho I and subcloncd into the bacterial expression vector pET28a 
(Novagen. Inc.) in-frame with the T7-tag of this vector. 



10 EXAMPLE 2 

Expression of Rly-C aspasls in Mammalian Cells and Assay for Apoptosis 

To express the rev-caspases in mammalian cells and assay their 
apoptotic activity, they were amplified with the T7-tag primer and the LS-reverse 

15 primers using the pET28a constructs as templates, and subcloned into the mammalian 
double expression vector pRSC-LacZ (MacFaiiane et al.. J. Biol. Chew.. 272:25417- 
25420. 1907; Tsang et al.. Bio/Technology, 22:68. 1997). This vector allows the 
expression of lacZ under the Rous Sarcoma virus promoter, and the test cDNA under 
the CMV promoter. To assay for apoptosis. MCT-7 or 293 cells were transfected. 

20 using the method commercially available as the Lipofect Amine method (Life 
Technologies. Inc.). with the pRSC-LacZ constructs in the presence or absence of 
different apoptosis-inhibitors. 30 h after transfection cells were stained with p- 
galactosidase and examined for morphological signs of apoptosis. The percentage of 
round blue apoptotic cells (mean ± SD) were represented as a function of total blue 

25 cells under each condition (n > 3). 
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EXAMPLE 3 

In vitro Transla i ion of Caspasf.s 

i:, S-labeled caspases (wild-type and rev-caspases) were obtained by in 
5 vitro translation in the presence of "S-methionine using a coupled 
transcription/translation system in rabbit reticulocyte lysate using TNT Kit (Promega) 
according to the manufacturers recommendations. Unlike the wild-type caspase-3 
and 6. Figure 2A demonstrates that rev-caspase-3 and 6 were able to undergo 
autocatalytic processing in the in vitro translation reaction. Further, this processing 
10 was completely inhibited by mutation of the active site Cys of rev-caspase-3 and 6 
(Figure 2 A. lanes 3 and 6) and by selected caspase inhibitors (See Example 4). 
Because the in vitro translated products are present at very low- concentration in the 
reaction mixture, the observed cleavage must be attributed to an intramolecular 
processing within the caspase heterotetramer. = ' 

15 

EXAMPLE 4 

Effects of Inhibitors on Rev-Caspase-3 and 6 activity 

20 To test the effect of selected caspase inhibitors on the autocatalytic 

activity of rev-caspase-3 and 6. the rev-caspases were translated as in Example 3, but 
in the presence of varying amounts of inhibitors. As demonstrated by Figure 2Q. in 
the presence of increasing amounts of DEVD-CHO (SEQ ID NO:52), a decrease in 
the amount of cleavage products and a corresponding increase in the amount of the 

25 revcaspase-3 precursor was observed. This corresponded to nearly 50-90% inhibition 
of the autocatalytic activity of rev-caspase-3 at 40-400 nM concentration. However, 
the same concentrations of this inhibitor had little effect on the autocatalytic activitv 
of rev-caspase-6 (Figure 2C). This is consistent with earlier observations that 
caspase-6 is poorly inhibited by DEVD-CHO (SEQ ID NO:52r. see Srinivasula el al.. 

30 J. Biol C hetn.. 2~ 1 :2709<>-27 1 06. 1906. On the other hand, as is apparent from 
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inspection of Figures 2B and 2C. z-VAD-fmk had nearly an equal inhibitory effect on 
rev-caspase-3 and 6 autocatah tic activity at the concentration used in this experiment- 
Nevertheless, nearly 10-fold more of z-VAD-fmk than DEVD-CHO (SEQ ID NO:52) 
was required to obtain complete inhibition of caspase-3 activity. Similarly, 
baculovirus p35 had nearly an equal inhibitory effect on rev-caspase-3 and 6 
autocatalytic activity (data not shown). 

EXAMPLE 5 

Caspase-3 and 6 Specificity Retention of Bacterially Expressed 

Rev-Caspase-3 and -6 

At limited caspase concentrations, poly(ADP) ribose polymerase 
(PARP) is specifically cleaved by caspase-3 and 7 but not other caspases. Similarly, 
lamin is specifically cleaved by caspase-6 but not other caspases. To compare the 
activity of the wild-type and rev-caspase-3 and 6 towards PARP and lamin, 
rev-caspase-3 and 6 were expressed in bacteria and then incubated with the two 
substrates PARP and lamin. As shown in Figures 3 A and B, the activity of the 
rev-caspases towards these two substrates were indistinguishable from their wild-type 
counterparts. Both caspase-3 variants (rev and YVT). but not caspase-6 variants 
efficiently cleaved PARP. In contrast, both caspase-6 variants, but not caspase-3 
variants efficiently cleaved lamin. These results demonstrate that the mature caspases 
generated from the rev and the wild type constructs have identical substrate 
specificity. 
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EXAMPLE 6 

Induction or Apoptosis in N4ammall\n Culls by Rly-Caspase-3 and -6 

To determine the apoptotic activity of rev-caspase-3 and 6 /'// viva, the 
5 rev-caspases were expressed in human MCF-7 cells, transfected as explained above in 
Example 2. As evidenced by Figures 4A and B. unlike the wild type caspase-3 and 6. 
the rev-caspases potently induced apoptosis in nearly 90% of the transfected cells. 
Overexpression of Be 1-2 or CrmA. which protect against different forms of 
apoptosis. did not significantly reduce their apoptotic activitv. Nevertheless, 

10 overexpression of the baculovirus p35. which inhibits the activity of most caspases. 
partially protected against their apoptotic activity. Also, incubation of the transfected 
cells in the presence of 100 |aM z-VAD-fmk. dramatically reduced their apoptotic 
activity to nearly 30%. These data demonstrate directly that the activity of caspase-3 
and 6 are downstream of the CrmA and Be 1-2 block in the apoptotic cascade, and can 

15 only be inhibited by high concentration of the pancaspase-inhibitor z-VAD-fmk. 



EXAMPLE 7 
Activity of Noncllav abll Rev-Caspase-3 

20 

To demonstrate that the rev-caspase molecules are inherently active 
and do not require separation of the two subunits and that the two subunits are 
derived from the same contiguous molecule, the DEVD (SEQ ID NO:52) site was 
removed and Asp9 and 28. that are present between the two subunits of 

25 rev-caspase-3. were mutated (see Figure 2A). Mowever. to follow the activ ity of this 
molecule a cleavable 35 residue long His6-T7-tag N-terminal to the IETD (SEQ ID 
NO:53) site was introduced (see Figure I B). Figure 5 demonstrates that upon /// vitro 
translation of this molecule, as described. in Example 3 above, there was no evidence 
of cleavage between the two subunits. Nevertheless, the translated molecule was 

30 active as evident from its ability to cleave its T7-tag to form the p32 species (Figure 



WO 99/35277 



34 



PCT/US99/00632 



5). In the presence of 400 nM DHVD-CHO (SEQ ID NO:52). processing of the 
T7-tag was inhibited and only the full length p34 species can be seen. Furthermore, 
expression of this molecule into MCF-7 cells potently induced apoptosis in these 
cells. These data demonstrate that when the two subunits of a caspase are rearranged 
5 in the reverse order, it is not necessary to separate them from each athcr to generate 
an active caspase. Thus by mimicking the mature caspase structure, it is possible to 
design a contiguous active caspase molecules. 

From the foregoing it will be appreciated that, although specific 
10 embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended 
claims. 



15 
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CLAIMS 

WE CLAIM: 

1. An isolated nucleic acid molecule encoding a rev-caspase. 

2. The nucleic acid molecule of claim 1. wherein the rev-caspase is 
selected from the group consisting of rev-caspase- 1 . rev-easpase-2. rcv-easpase-3. rev- 
caspase-4, rev-caspase-5, rev-caspase-6. rev-caspasc-7. rev-caspase-S. rev-caspase-9. rev- 
caspase- 10, rev-caspase- 1 K rev-caspase- 1 2, rev-caspase- 1 3. and rev-caspase- 14. 

3. The nucleic acid molecule of claim 1. wherein the rev-caspase is a 
human rev-caspase. 

4. The nucleic acid molecule of claim 1. wherein the rev-caspase is 
human rev-caspase-3. 

5. The nucleic acid molecule of claim 4. wherein human rev-caspase-3 
comprises the sequence recited in Figure 21 A (SEQ ID NO:34) or Figure 21 B (SEQ ID 
NO:35) or variants thereof. 

6. The nucleic acid molecule of claim 4. wherein human rev-caspase-3 is 
encoded by the sequence in Figure 7 (SEQ ID NO:l ) or Figure 8 (SEQ ID NO:2) or variants 
thereof. 

7. The nucleic acid molecule of claim 1. wherein the rev-caspase is 
human rev-caspase-6. 

8. The nucleic acid molecule of claim 7. wherein human rev-caspase-^ 
comprises the sequence in Figure 21C (SEQ ID NO:36) or variants thereof. 
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9. The nucleic acid molecule of claim 7. w herein human rev-caspase-6 is 
encoded by the sequence in Figure 9 (SEQ ID NO: 3) or variants thereof. 

10. An expression vector comprising the nucleic acid molecule of any one 
of claims 1-9. wherein the sequence encoding rev-caspase is operatively tinned to a promoter. 

I 1 . The expression vector of claim 10. wherein the promoter is inducible. 

12. The expression vector of claim IK wherein the inducible promoter is 

HIV LTR. 



13. A host cell transfected with the expression vector of claim 10. 



14. The host cell of claim 13. wherein the cell is a bacterium or a 
mammalian cell. 



1 r* . A rev-caspase protein- 
ic. The rev-caspase protein of claim 15. wherein the rev-caspase is 
selected from the group consisting of rev-caspase- 1, rev-caspase-2. rev-caspase-3. rev- 
caspase-4. rev-caspase-5. rev-caspase-6, rev-caspase-7. rev-caspase-8. rev-caspase-9. rev- 
caspase- 10. rev-caspase- 1 1. rev-caspase- 1 2, rev-caspase- 1 3. and rev-caspase- 14. 

17. The rev-caspase protein of claim 15. wherein the rev-caspase is a 
human rev-caspase. 

18. The rev-caspase protein of claim 15. w herein the rev-caspase is human 

rev-caspase-3. 
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19. The rev-caspase protein of claim 18. wherein human rev-caspase-3 
comprises the sequence in Figure 21 A (SEQ ID NO:34) or Figure 21 B (SEQ ID NO:35) or 
variants thereof. 

20. The rev-caspase protein of claim 18, wherein human rev-caspase-3 is 
encoded by the sequence in Figure 7 (SEQ ID NO:l) or Figure 8 (SEQ ID NO:2) or variants 
thereof. 

21. The rev-caspase protein of claim 15. wherein the rev-caspase is human 

rev-caspase-6. 

22. The rev-caspase protein of claim 2L wherein human rev-caspase-6 
comprises the sequence in Figure 21C (SEQ ID NO:36) or variants thereof. 

23. The rev-caspase protein of claim 21. wherein human rev-caspase-6 is 
encoded by the sequence in Figure 9 (SEQ ID NO:3) or variants thereof. 

24. A method of identifying an inhibitor or enhancer of caspase processing 
activity, comprising: 

(a) contacting a sample containing an in vitro translated rev-caspase with a 
candidate inhibitor or candidate enhancer; and 

(b) detecting the presence of large and small subunits of rev-caspase. and 
therefrom determining the level of caspase processing activity, wherein a decrease in 
processing indicates the presence of a caspase inhibitor, and wherein an increase in 
processing indicates the presence of a caspase enhancer, wherein processed rev-caspase yields 
large and small subunits. 

25. A method of identifying an inhibitor or enhancer of caspase processing 
activity, comprising: 
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(a) contacting a cell transfeeted with the vector expressing rev-caspase 
according to claim 10 with a candidate inhibitor or candidate enhancer: and 

(b) delecting the presence of large and small subunits of rev-caspase. and 
therefrom determining the level of caspasc processing activity, wherein a decrease in 
processing indicates the presence of a caspasc inhibitor, and wherein an increase in 
processing indicates the presence of a caspase enhancer, wherein processed rev-caspase yields 
large and small subunits. 

26. A method of identifying an inhibitor or enhancer of caspase-mediated 
apoptosis. comprising: 

(a) contacting a cell transfected with the vector expressing rev-caspase 
according to claim 10 with a candidate inhibitor or candidate enhancer or with a reference 
compound: and 

(b) detecting cell viability. 

wherein viability of cells contacted with a candidate is increased in the 
presence of an inhibitor and is decreased in the presence of an enhancer compared to cells 
contacted with a reference compound. 

27. The method of any one of claims 24-26. wherein the rev-caspase is 
selected from the group consisting of rev-caspase- 1. rev-caspase-2, rev-caspase-3. rev- 
caspase-4. rev-caspase-5, rev-caspase-6. rev-caspase-7, rev-caspase-8, rev-caspase-9. rev- 
caspase-10. rev-caspase-1 1. rev-caspase- 1 2. rev-caspase- 1 3. and rev-caspase- 14. 

28. The method of either of claims 24 or 25. wherein detecting comprises 
gel electrophoresis. 

29. The method of claim 24. wherein the /// vitro translated rev-caspase is 



labeled. 
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30. The method of claim 29. wherein the label is a radioactive label, a 
peptide tag. an enzyme or biotin. 

31. A gene delivery vehicle, comprising the nucleic acid molecule 
according to any one of claims 1-9. wherein the rev-caspase sequence is operatively linked to 
a promoter. 

32. The gene delivery vehicle of claim 31, wherein the vehicle is a 
retrovirus or adenovirus. 

33. The gene delivery vehicle of claim 31. wherein the nucleic acid 
molecule is associated with a polycation. 

34. The gene delivery vehicle of any one of claims 31-33. further 
comprising a ligand that binds a cell surface receptor. 

35. A method of treating cancer, comprising administering to a patient the 
gene delivery vehicle according to any one of claims 3 1 -34. wherein the gene delivery vehicle 
is internalized by tumor cells. 



36. A method of treating autoimmune disease, comprising administering to 
a patient the gene delivery vehicle according to any one of claims 31-34. wherein the gene 
delivery vehicle is internalized by cells mediating autoimmune disease. 
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Fig. 7 

Rev-Caspase-3 
Translation start 1 
Translation stop 873 



1 

1 


ATGATTGAGA 


CAGACAGTGG 


TGTTGATGAT GACATGGCGT 


GTCATAAAAT 


51 


ACCAGTGGAG 


GCCGACTTCT 


TGTATGCATA 


CTCCACAGCA 


CCTGGTTATT 


101 


ATTCTTGGCG 


AAATTCAAAG 


GATGGCTCCT GGTTCATCCA 


GTCGCTTTGT 


151 


GCCATGCTGA 


AACAGTATGC 


CGACAAGCTT GAATTTATGC 


ACATTCTTAC 


201 


CCGGGTTAAC 


CGAAAGGTGG 


CAACAGAATT 


TGAGTCCTTT 


TCCTTTGACG 


251 


CT ACTTTTCA 


ynrAAAGAAA 


^ a r- A C ^ A T 
■„nUM i ilLhi 


GTATTGTTTC 


CATGCTCACA 


301 


AAAGAACTCT 


ATTTTTATfA 


^GATGAAGTT 


GATGGGGGAT 


CCCCCATGGA 


351 


GAACACTGAA 


AACTCAGTGG 


ATTCAAAATC 


CATTAAAAAT 


TTGGAACCAA 


401 


AGATCATACA 


TGGAAGCG-A 


TCAATGGACT 


CTGGAATATC 


CCTGGACAAC 


451 


AGTTATAAAA 


TGGATTATCC 


TGAGATGGGT 


TTATGTATAA 


TAATTAATAA 


501 


TAAGAATTTT 


CATAAGAGCA 


CTGGAATGAC 


ATCTCGGTCT 


bo i ACAGATu 


551 


7CGATGCAGC 


AAACCTCAGG 


GAaAlA i t lA 


GAAACTTGAA 


ATATGAAGTC 


601 


AGGAATAAAA 


ATGATCTTAC 


~.CG ; oAAvjAA 


ATTGTGGAAT 


TGATGCGTGA 


651 


TGTTTCTAAA 


GAAGATCACA 


GCAAAAGGAG 


CAGTTTTGTT 


TGTGTGCTTC 


701 


TGAGCCATGG 


TGAAGAAGGA 


ATAATTTTTG 


GAACAAATGG 


ACCTGTTGAC 


751 


CTGAAAAAAA 


TAAlAAACT ; 




GATCGTTGTA 


GAAGTCTAAC 


801 


TuGAAAACCC 


AAACTTTTCA 


"7AT7CAGGC 


CTGCCGTGGT 


ACAGAACTGG 


851 


ACTG FGGCAT 


TGAGACAG-C 
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Fig. 8 

Uncleavable Rev-c-5spase-3 
Translation start 1 
iranslation stop 858 



1 


ATGATTGAGA 


CAGACAGTGG 


TGTTGATGAT 


GACATGGCGT 


GTCATAAAAT 


51 


ACCAGTGGAG 


GCCGACTTCT 


TGiATGCATA 


CTCCACAGCA 


CCTGGTTATT 


101 


ATTCTTGGCG 


AAATTCAAAG 


GATGGCTCCT 


GGTTCATCCA 


GTCGCTTTGT 


151 


GCCATGCTGA 


AACAGTATGC 


CGACAAGCTT 


GAATTTATGC 


ACATTCTTAC 


201 


CCGGGTTAAC 


CGAAAGGTGG 


CAACAGAATT 


TGAGTCCTTT 


TCCTTTGACG 


251 


CTACTTTTCA 


TGCAAAGAAA 


CAGATTCCAT 


GTATTGTTTC 


CATGCTCACA 


301 


AAAGAACTCT 


ATTTTTATCA 


CGGATCCCCC 


ATGGAGAACA 


CTGAAAACTC 


351 


AGTGGCTTCA 


AAATCCATTA 


AAAATTTGGA ACCAAAGATC 


ATACATGGAA 


401 


GCGAATCAAT 




ATATCCCTGG 


ACAACAGTTA 


TAAAATGGAT 


451 


TATCCTGAGA 


TGGGTTTATG 


TATAATAATT 


AATAATAAGA 


ATTTTCATAA 


501 


GAGCACTGGA 


ATGACATCTC 


GGTCTGGTAC 


AGATGTCGAT 


GCAGCAAACC 


551 


TCAGGGAAAC 


ATTCAGAAAC 


TTGAAATATG 


AAGTCAGGAA 


TAAAAATGAT 


601 


CTTACACGTG 


AAGAAATTGT 


GGAATTGATG 


CGTGATGTTT 


CTAAAGAAGA 


651 


TCACAGCAAA 


AGGAGCAGTT 


TTGTTTGTGT 


GCTTCTGAGC 


CATGGTGAAG 


701 


AAGGAAIAAT 


TTTTGGAACA 


AATGGACCTG 


TTGACCTGAA 


AAAAATAACA 


751 


AACTTTTTCA 


GAGGGGATCG 


TTGTAGAAGT 


CTAACTGGAA 


AACCCA.AACT 


801 


TTTCATTATT 


CAGGCCTGCC 


GTGGTACAGA 


ACTGGACTGT 


GGCATTGAGA 


351 


CAGACTGA 
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Fig. 9 

Rev-caspase-6 
Translation start 1 
Translation stop 903 



1 

i 


ATGGTAGAAA 


TAGATGCAGC 


CTCCGTTTAC 


ACGCTGCCTG 


CTGGAGCTGA 


51 


CTTCCTCATG 


TGTTACTCTG 


TTGCAGAAGG 


ATATTATTCT 


CACCGGGAAA 


101 


CTGTGAACGG 


CTCATGGTAC 


ATTCAAGATT 


TGTGTGAGAT 


GTTGGGAAAA 


151 


TATGGCTCCT 


CCTTAGAGTT 


CACAGAACTC 


CTCACACTGG 


TGAACAGGAA 


201 


AGTTTCTCAG 


CGCCGAGTGG 


ACTTTTGCAA AGACCCAAGT 


GCAATTGGAA 


251 


AGAAGCAGGT 


TCCCTGTTTT 


GCCTCAATGC 


TAACTAAAAA 


GCTGCATTTC 


301 


TTTCCAAAAT 


CTAATCTCGA 


GCACCACCAC 


CACCACCACG 


TTGAAATTGA 


351 


TGGGGGATCC 


CCCATGAGCT 


CGGCCTCGGG 


GCTCCGCAGG 


GGGCACCCGG 


401 


CAGGTGGGGA 


AGAAAACATG 


ACAGAAACAG 


ATGCCTTCTA 


TAAAAGAGAA 


451 


ATGTTTGATC 


CGGCAGAAAA 


GTACAAAATG 


GACCACAGGA 


GGAGAGGAAT 


D'J i 


Tff TTT A AT:" 


\ 1 LAA 1 LA i vj 


AGAGGTTCTT 


TTGGCACTTA 




551 


AAAGGCGGGG 


CACCTGCGCA 


GATAGAGACA 


ATCTTACCCG 


CAGGTTTTCA 


501 




TTGAAGTGAA 


ATGCTTTAAT 


GATCTTAAAG 


CAGAAGAACT 


651 


ACTGCTCAAA 


ATTCATGAGG 


TGTCAACTGT 


TAGCCACGCA 


GATGCCGATT 


701 


GCTTTGTGTG 


TGTCTTCCTG 


AGCCATGGCG 


AAGGCAATCA 


CATTTATGCA 


751 


TATGATGCT.A 


AAATCGAAAT 


TCAGACATTA 


ACTGGCTTGT 


TCAAAGGAGA 


801 


CAAGTGTCAC 


^rr rT *"TT'"' 
AuLL 1 'j'o 1 1 u 


GAAAACCCAA 


GATATTTATC 


ATCCAGGCAT 


351 


/-> -7- r~- i\ \ • 




GTGCCAG'CA 


TTCCTTTGGA 


"GTAGTAGAT 
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Fig. 11 A 



CAS PAS E 1 



+ 1 


MetAlaAspLvsValLeuLysGluLysArgLysLeuPhel leArgSerMetGlyGluGly 
i ~ _ 


1 

1 


ATGGCCGACAAGGTCCTGAAGGAGAAGAGAAAGCTGTTTATCCGTTCCATGGGTGAAGGT 
TACCGGCTGTTCCAGGACTTCCTCTTCTCTTTCGACAAATAGGCAAGGTACCCACTTCCA 


+1 


Thr 1 1 eAsnG 1 yLeuLe jAspG 1 uLeuLeuG 1 n i hrArgVa 1 LeuAsnLy sG 1 uG 1 uMet 


61 


ACAATAAATGGCTTACTGGATGAATTATTACAGACAAGGGTGCTGAACAAGGAAGAGATG 
TRTTATTTArf.GAATGACCTACTTAATAATGTCTGTTCCCACGACTTGTTCCTTCTCTAC 


+ 1 Gl uLysVa 1 LysArgG 1 uAsnAl aThrVa 1 MetAspLysThrArgAl aLeu 1 1 eAspSer 


121 


GAGA,AAGTAAAACGTGAAAATGCTACAGTTATGGATAAGACCCGAGCTTTGATTGACTCC 
rTfTTTCATTTTGCACTTTTACGATGTCAATACCTATTCTGGGCTCGAAACTAACTGAGG 




V 5 ! i ! 8r r OL V I y A ' co ' HA 1 dLySb i n i ! ^LYb 1 1 tM nr I y r 1 1 trLybu I Uu I UMbp 


181 


GTTATTCCGAAAGGGGCACAGGCATGCCAAATTTGCATCACATACATTTGTGAAGAAGAC 

CAATAAGGCTTirCCCGTGTCCGTACGGTTTAAACGTAGTGTATGTAAACACTTCTTCTG 


+ \ 


b9f! vr L9uA i do ! y 1 nrt_GUb I yLBUoGrA i d^opb i n i n r otf r u i yttbn i y r LcUMbri 


241 


AGTTACCTGGCAGGGACGCTGGGACTCTCAGCAGATCAAACATCTGGAAATTACCTTAAT 
TCAATGGACCGTCCCTGCGACCCTGAGAGTCGTCTAGTTTGTAGACCTTTAATGGAATTA 


+ 1 


r!6Lu i nASOocf a 1 Ho !yV3 1 LGUoeroG'rriGrr OA lari Uu 1 riM 1 a va I u t i iHbpHbM 


301 


ATGCAAGACTCTCAAGGAGTACTTTCTTCCTTTCCAGCTCCTCAGGCAGTGCAGGACAAC 
TArGTTrTGAGAGTTCCTCATGAAAGAAGGAAAGGTCGAGGAGTCCGTCACGTCCTGlTG 


+ } 


ProAl aMetProThrSerSerGlySerGluGlyAsnvalLysLeuCysSerLeuGl uGl u 


361 


CCAGCTATGCrCACATCCTCAGGCTCAGAAGGGAATGTCAAGCTTTGCTCCCTAGAAGAA 
GGTCGATACGGGTGTAGGAGTCCGAGTCTTCCCTTACAGTTCGAAACGAGGGATCTTCTi 


+ 1 


A i aGl nArg 1 1 eTrpLy sG 1 nLysSerAl aGl u i 1 eTyrPro 1 1 eMetAspLy sSerSer 


421 


GCTCAAAGGATATGGAAACAAAAGTCGGCAGAGATTTATCCAATAATGGACAAGTCAAGC 
rGAGTTTrfTATACCTTTGTTTTCAGCCGTCTCTAAATAGGTTATTACCTGTTCAGTTCG 


+ l 


ArgThrArgLeuAl aLeu i sell eCysAsnGi uG 1 uPheAspSer 1 1 eProArgArgThr 


481 


^GCACACG~~^GCTCTCATTATCTGCAATGAmGAATTTGACAGTATTCCTAGAAGAACT 
GrGTGTGrAniACGAGAGTAATAGACGTTACTT"TTA.AA.CTG T CATAAGGATCT"CTTGA 




G'-yAleG •• Asd! 'e ; nrGl y'-'ot 'r,-'— :_•;:•,.[ ouGlnAsr.Le-jGly ryrSerVa ; 


5^ 1 


GGAGCTGAGG~~GACA : lACAGGCa. i GAlaa . -.; . ■■ _r.. i Alaaaa s l : u ! juu ; al.~.ouj ? 


l 

T 1 


AspVa "• Lv'S_ v 2 Ast*Le-j T nrA"i aSerAspM*-: : '■■ l._~uG I uAlaPfteA'i = :r s 


AO ' 


i "GACGAAGCL i G .-- L-.j-. : . • . ! „CGT&A-,. : .i G'G 
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Fig. I IB 

CASPASE 1 

-1 ArgProGluHisLysThrSerAsoSerThrPheLeuVal PheMetSerHi sGly I leArg 



661 CGCCCAGAGCACAAGACCTCTGACAGCACGTTCCTGGTGTTCATGTCTCATGGTATTCGG 
GCGGGTCTCGTGTTCTGGAGACTGTCGTGCAAGGACCACAAGTACAGAGTACCATAAGCC 
-<- 1 G 1 uGl y 1 1 eCysGl yLysLy sH i sSerG 1 uGl nVa 1 ProAsp 1 1 eLeuGl nLeuAsnAl a 



721 GAAGGCATTTGTGGGAAG.AAACACTCTGAGCAAGTCCCAGATATACTACAACTCAATGCA 
CTTCCGTAAACACCCTTCTTTGTGAGACTCGTTCAGGGTCTATATGATGTTGAGTTACGT 
^1 IlePheAsnMetLeuAsnThrLysAsnCysProSerLeuLysAspLysProLysVal He 



781 ATCTTTAACATGTTGAATACCAAGAACTGCCCAAGTTTGAAGGACAAACCGAAGGTGATC 
TAGAAATTGTACAACTTATGGTTCTTGACGGGTTCAAACTTCCTGTTTGGCTTCCACTAG 
+ 1 IlelleGlnAlaCysArgGl vAspSerProGlyVal ValTrpPheLysAspSerValGly 



341 ATCATCCAGGCCTGCCGTGGTGACAGCCCTGGTGTGGTGTGGTTTAAAGATTCAGTAGGA 
TAGTAGGTCCGGACGGCACCACTGTCGGGACCACACCACACCAAATTTCTAAGTCATCCT 
•*•! ValSerGlyAsnLeuSerLeuProThrThrGl uGl uPheGl uAspAspAl a I leLysLys 



9G1 GTTTCTGGAAACCTATCTTTACCAACTACAGAAGAGTTTGAGGATGATGCTATTAAGAAA 
CAAAGACCTTTGGATAGAAATGGTTGATGTCTTCTCAAACTCCTACTACGATAATTCTTT 
+ 1 Alahis I leGluLysAspPhelleAl aPheCysSerSerThrProAspAsnValSerTrp 



961 GCCCACATAGAGAAGGATTTTATCGCTTTCTGCTCTTCCACACCAGATAATGTTTCTTGG 
CGGGTGTATCTCTTCCTAAAATAGCGAAAGACGAGAAGGTGTGGTCTATTACAAAGAACC 
^ 1 ArgH i s ProThrMetG 1 ySerV a 1 Phe 1 1 eGl yArgLeu 1 1 eG i uH i sHetG 1 nG 1 uTy r 



1021 AGACATCCCACAATGGGCTCTGTTTTTATTGGAAGACTCATTGAACATATGCAAGAATAT 
TCTGTAGGGTGTTACCCGAGACAA.AAATAACCTTCTGAGTAACTTGTATACGTTCTTATA 
+i AlaCysSerCysAspValGluGlui lePheArgLysValArgPheSerPheGluGlnPro 



1 08 1 GCCTGTTCCTGTGATGTGGAGGAAATTTTCCGCAAGGTTCGATTTTCATTTGAGCAGCCA 
CGGACAAGGACACTACACCTCCTTTAAAAGGCGTTCCAAGCTAAAAGTAAACTCGTCGGT 
+i AspGlyArgAlaGlnMetProThrThrGluArgValThrLeuThrArgCysPheTyrLeu 



GATGGTAGAGCGCAGATGCCCACCACTGAAAGAGTGACTTTGACAAGATGTTTCTACCTC 
CTACCATCTCGCGTCTACGGGTGG~GACTTTCTCAr.TGAAACTGT~C~ACAAAGA~GGAG 
PheProGlyH : s 



1201 TTCCCAGGACATTAA 
AAGGG T C C TGT AA T 7 
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Fig. 12 A 

CASPASE 2 



+1 MetAlaAlaAspArgGlyArgArgI leLeuGlyVa ICysGlyMetHisProHisHisGln 

~i _ 


1 


ATGGCCGCTGACAGGGGACGCAGGATATTGGGAGTGTGTGGCATGCATCCTCATCATCAG 
TACCGGCGACTGTCCCCTGCGTCCTATAACCCTCACACACCGTACGTAGGAGTAGTAGTC 


+ i 


Gl uThrLeuLysLysAsnArgVa 1 Va 1 LeuAl aLysGl nLeuLeuLeuSerGl uLeuLeu 


61 


GAAACTCTAAAAAAGAACCGAGTGGTGCTAGCCAAACAGCTGTTGTTGAGCGAATTGTTA 
CTTTGAGATTTTTTCTTGGCTCACCACGATCGGTTTGTCGACAACAACTCGCTTAACAAT 


+1 


GluHlsLeuLeuGluLysAspIlelleThrLeuGluMetArgGluLeuIleGlnAlaLys 


121 


GAACATCTTCTGGAGAAGGACATCATCACCTTGGAAATGAGGGAGCTCATCCAGGCCAAA 
CTTGTAGAAGACGTCTTCCTGTAGTAGTGGAACCTTTACTCCCTCGAGTAGGTCCGGTTT 


+ 1 


ValGlySerPheSerGlnAsnValGluLeuLeuAsnLeuLeuProLysArgGlyProGln 


181 


GTGGGCAGTTTCAGCCAGAATGTGGAACTCCTCAACTTGCTGCCTAAGAGGGGTCCCCAA 
f Ar.(T.GTf.AAAGTCGGTCTTACACCTTGAGGAGTTGAACGACGGATTCTCCCCAGGGGTT 


+ 1 A I aPheAspA i aPheCysGl uAl aLeuArgG 1 uThrLysGl nGlyHi sLeuGl uAspMet 


241 


GCTTTTGATGCCTTCTGTGAAGCACTGAGGGAGACCAAGCAAGGCCACCTGGAGGATATG 
r.GAAAAr.TAr.GGAAGACACTTCGTGACTCCCTCTGGTTCGTTCCGGTGGACCTCCTATAC 


+ 1 LeuLeuThrThrLeuSerGlyLeuGl nHi sVa 1 LeuProProLeuSerCysAspTyrAsp 


301 


TTGCTCACCACCCTTTCTGGGCTTCAGCATGTACTCCCACCGTTGAGCTGTGACTACGAC 
AAGGAGTGGTGGGAAAGACCCGAAGTGGTAGATGAGGGTGGCAACTCGACACTGATGCTG 


+ 1 


LeuSerLeuProPheProValCysGluSerCysProLeuTyrLysLysLeuArgLeuSer 


361 


TTGAGTCTCCCTTTTCCGGTGTGTGAGTCCTGTCCCCTTTACAAGAAGCTCCGCCTGTCG 
AArTrAr.AnnnAAAAGGr.rAr.Ar.Ar.TCAGGACAGGGGAAATGTTCTTCGAGGCGGACAGC 


+ 1 ThrAspThrVa 1 Gl uH i sSerLeuAspAsnLysAspGl yProVa 1 CysLeuG 1 nVa 1 Lys 


421 


ACAGATACTGTGGAACACTCCCTAGACAATAAAGATGGTCCTGTCTGCCTTCAGGTGAAG 
TGTCTATGACACCTTGTGAGGGATCTGTTA.TTTCTACCAGGACAGACGGAAGTCCACTTC 


+ 1 


ProCysThrProGl uPMeTyrGl nThrHi sPheGl nLeuAl aTy rArgLeuGl nSerArg 


481 


CCTTGCACTCCTGAA"TTTATCAAACACACTTCCAGC"GGCATATAGGTTGCAGTCTCGG 

HnAAGGTGAGGArT-.iAAATAGTTTGTGTGAAGG T CGACCGTATAiCCAACG T GAGAGCG 




ProArgGl yteuA: c : .euva 1 LeuSerAsnva '< his^e • r -rG1 vGl uLysG 1 uceuG: u 


541 


CrTCGTGGCC"AGCA:JGGTGTTGAGCAATGTGCA; T TCAC~GGAGAGAAAGAACTGGAA 
GGAGCACCGGA~GG" j.'GCACAAGTCGTTACAGGTGA-G ; GAGG GTG i T : f.T i GACC " 




PheArgSerGl vG iy-'-s3va 1 As pH ;sCe r • rr-.-H. ' ^i"-r'..PieLys_r jl-;..G ; y 


601 


TT TCGC TC TGG AGGGu a. FG TbG ALL Ac x-j 7a>.. -...aw- •_ '. ilAao^. ■ ! ijuj- 
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Fig. 12B 

CAS PAS E 2 

+1 lyrAspValHisVaiLeuCysA.spG InThrAlaGlnGluMetGlnGiuLysLeuGlnAsn 



561 TATGACGTCCATGTTCTATGTGACCAGACTGCACAGGAAATGCAAGAGAAACTGCAGAAT 
ATACTGCAGGTACAAGATACACTGGTCTGACGTGTCCTTTACGTTCTCTTTGACGTCTTA 
+ 1 PheAl aGl nLeuProAl aHi sArgVa 1 ThrAspSerCys i 1 eVa 1 Al aLeuLeuSerHi s 



721 TTTGCACAGTTACCTGCACACCGAGTCACGGACTCCTGCATCGTGGCACTCCTCTCGCAT ' 
AAACGTGTCAATGGACGTGTGGCTCAGTGCCTGAGGACGTAGCACCGTGAGGAGAGCGTA 

+1 GlyValGluGlyAlalleTyrGl vValAspGlyLysLeuLeuGlnLeuGlnGluValPhe 



781 GGTGTGGAGGGCGCCATCTATGGTGTGGATGGGAAACTGCTCCAGCTCCAAGAGGTTTTT 
CCACACCTCCCGCGGTAGATACCACACCTACCCTTTGACGAGGTCGAGGTTCTCCAAAAA 
*i G1 nLeuPheAspAsnAl aAsnCysProSerieuGl nAsnLysProLysMetPhePhelle 



841 CAGCTCTTTGACAACGCCAACTGCCCAAGCCTACAGAACAAACCAAAAATGTTCTTCATC 
GTCGAGAAACTGTTGCGGTTGACGGGTTCGGATGTCTTGTTTGGTTTTTACAAGAAGTAG 
+1 GlnAlaCysArgGlyAspGluThrAspArgGlyValAspGlnGlnAspGlyLysAsnHis 



901 CAGGCCTGCCGTGGAGATGAGACTGATCGTGGGGTTGACCAACAAGATGGAAAGAACCAC 
GTCCGGACGGCACCTCTACTCTGACTAGCACCCCAACTGGTTGTTCTACCTTTCTTGGTG 
+1 AlaGlySerProGlyCysGluGluSerAspAlaGlyLysGluLysLeuProLysMetArg 



961 GCAGGATCCCCTGGGTGCGAGGAGAGTGATGCCGGTAAAGAAAAGT7GCCGAAGATGAGA 
CGTCCTAGGGGACCCACGCTCCTCTCACTACGGCCATTTCTTTTCAACGGCTTCTACTCT 
+1 LeuProThrArgSerAspMetl leCysG lyTyrAl aCysL.euLysGlyThrAlaAlaMet 



1021 CTGCCCACGCGCTCAGACATGATATGCGGCTATGCCTGCCTCAAAGGGACTGCCGCCATG 
GACGGGTGCGCGAGTCTGTACTATACGCCGATACGGACGGAGTTTCCCTGACGGCGGTAC 
+ 1 ArgAsnThrLysArgGl ySerTrpTyr 1 1 eGl uAl aLeuAl aG 1 nVa 1 PheSerGl uArg 



1081 CGGAACACCAAACGAGGTTCCTGGTACATCGAGGCTCTTGCTCAAGTGTTTTCTGAGCGG 
GCCTTGTGGTTTGCTCCAAGGACCATGTAGCTCCGAGAACGAGTTCACAAAAGACTCGCC 
+1 AlaCysAspMetHisValAlaAspMetLeuValLysValAsnAlaLeuIleLysAspArg 



1 141 GCTTGTGATATGCACGTGGCCGACATGCTGGTTAAGGTGAACGCACTTATCAAGGATCGG 
CGAACACTATACGTGCACCGGCTGTACGACCAATTCCACTTGCG T GAATAGTTCCTAGCC 
+ 1 G ) uG 1 y Ty r A 1 a P roG 1 y ~h «*g i jPneh i sArgCysLysG": u-XetSerG : uTyrCysSer 



I20i GAAGGTTATGCTCCTGGCACAGAA'TCCmCCGGTGCAAGGAAATGTCTGAATACTGCAGC 

cttccaatacgaggaccgtgtcttaaggtggccacgtt,::ttt4Cagacttatgacgtcg 

+•1 T h r l e j C y s A r g H is L e u T y r L e u P n e P r o G 1 y H < s " r o - " -~ o T r i : - 



1251 actctgtgccgccacctctac 



^ -p r- : 

b i : Lu-m-j 



gacaccct-;:caca" 



i r. a r* r~* (~* 
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Fig. 13 A 

CAS PAS E 3 

MetGluAsnihrGluAsnSerVal AspSerLvsSer 1 leLvsAsnLeuGiuProLysI le 
] 

1 ATGGAGAACACTGAAAACTCAGTGGATTCAAAATCCATTAAAAATTTGGAACCAAAGATC 
TACCTCTTGTGACTTTTGAGTCACCTAAGTTTTAGGTAATTTTTAAACCTTGGTTTCTAG 
+ 1 IleHi sGlySerGluSerMetAspSerGlyHeSerLeuAspAsnSerTyrLysMetAsp 



61 ATACATGGAAGCGAATCAATGGACTCTGGAATATCCCTGGACAACAGTTATAAAATGGAT 
TATGTACCTTCGCTTAGTTACCTGAGACCTTATAGGGACCTGTTGTCAATATTTTACCTA 
+ 1 Ty rProG 1 uMetG 1 yLeuCy s Ilellell eAsnAsnLy sAsnPheHi sLysSerThrGl y 



1 2 1 TATCCTGAGATGGGTTTATGTATAATAATTAATAATAAGAATTTTCATAAAAGCACTGGA 
ATAGGACTCTACCCAAATACATATTATTAATTATTATTCTTAAAAGTATTTTCGTGACCT 

+1 MetThrSerArgSerG IvThrAspVa 1 AspAl aAl aAsnLeuArgGluThrPheArgAsn 



181 ATGACATCTCGGTCTGGTACAGATGTCGATGCAGCAAACCTCAGGGAAACATTCAGAAAC 
TACTGTAGAGCCAGACCATGTCTACAGCTACGTCGTTTGGAGTCCCTTTGTAAGTCTTTG 
+i LeuLysTy rG 1 uVal ArgAsnLysAsnAspLeuThrArgGluGluI leValGl uLeuMet 



241 TTGAAATATGAAGTCAGGAATAAAAATGATCTTACACGTGAAGAAATTGTGGAATTGATG 
AACTTTATACTTGAGTCCTTATTTTTACTAGAATGTGCACTTCTTTAA.CACCTTAACTAC 
+ 1 ArgAspVa 1 SerLysG 1 uAspHi sSerLysArgSerSerPneVe 1 CysVa 1 LeuLeuSer 



301 CGTGATGTTTCTAAAGAAGATCACAGCAAAAGGAGCAGTTTTG T TTGTGTGCTTCTGAGC 
GCACTACAAAGATTTCTTCTAGTGTCGTTTTCCTCGTCAAAACAAACACACGAAGACTCG 
+ 1 H i sG 1 yG 1 uG 1 uG 1 y ! 1 e I i ePheG 1 ylhr AsnG 1 y P roVa 1 AspLeuL y sLy s 1 1 elhr 



35 i CATGGTGAAGAAGGAATAATTTTTGGAACAAATGGACCTGT7GACCTGAAAAAAA i AACA 
GTACCACTTCTTCCTTATTAAAAACCTTGTTTACCTGGACAACTGGACTTTTTTTATTGT 
+1 AsnPhePheArgGlyAspArgCysArgSerLeuThrGlyLysPfoLysLeuPhel lei le 



421 AACTTTTTCAGAGGGGATCGTTGTAGAAGTCTAACTGGAAAACCCAAACTTTTCATTATT 
TTGAAAAAGTCTCCCCTAGCAACATCTTCAGATTGACCTTTTGGGTTTGAAAAGTAATAA 
+ 1 G I nAl aCysArgG 1 y T h rG i uleuAspCysG iy! 1 eGl uThr AsoSerGI yV'a 1 AspAsp 



481 CAGGCCTGCCGTGGTACAGAACTGGACTGTGGCATTGAGACAGACAGTGGTGTTGATGAT 
GTCCGGACGGCACCATGT"TGACCTGACACCG T AAC TC~G1"C ~ 1 TCACC AC AAC FACTA 
- : AspMetAl aCysH^ s_ys : ; -Prova ': AsdA ' ; aAso-"heLr-..~ , ! aTySer \ nrA; a 



GACA ■ GGCGTGTCA : AA- 



;AsnSe:\ 



oca tact: :a:agca 

"TATGAGG G:CGT 



sins 1 1 n i f . snr i; [ (iu i.i 2m 
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Fig. 13B 

CASPASE 3 

+ 1 Al aMetLeuLysG i nTyrAl aAspLysLeuG 1 uPheMetHi s 1 1 eLeuThrArgVa 1 Asn 



651 GCCATGCTGAAACAGTATGCCGACAAGCTTGAATTTATGCACATTCTTACCCGGGTTAAC 
CGGTACGACTTTGTCATACGGCTGTTCGAA.CTTAAATACGTGTAAGAATGGGCCCAATTG 
+1 ArgLysValAlaThrGluPheGluSerPheSerPheAspAlaThrPheHisAlaLysLys 



721 CGAAAGGTGGCAACAGAATTTGAGTCCTTTTCCTTTGACGCTACTTTTCATGCAAAGAAA 
GCTTTCCACCGTTGTCTTAAACTCAGGAAAAGGAAACTGCGATGAAAAGTACGTTTCTTT 
+ 1 Gl n 1 1 eProCys 1 1 eVa 1 SerMetLeuThrLysGl uLeuTyrPheTyrHi s 



731 CAGATTCCATGTATTGTTTCCATGCTCACAAAAGAACTCTATTTTTATCACTAAN 
GTCTAAGGTACATAACAAAGGTACGAGTGTTTTCTTGAGATAAAAATAGTGATTN 



si HSTi i r n siir.r i ;u\ i i z<.i 
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Fig. 14 A 

CASPASE 4 

-1 MetAlaGl uGlyAsnHi sArgLysLysProLeuLysVal LeuGl uSerLeuGlyLysAsp 



i ATGGCAGAAGGCAACCACAGAAAAAAGCCACTTAAGGTGTTGGAATCCCTGGGCAAAGAT 
TACCGTCTTCCGTTGGTGTCTTTTTTCGGTGAATTCCACAACCTTAGGGACCCGTTTCTA 





PheLeuThrGl yVa 1 LeuAspAsnLeuVa 1G1 uGl nAsnVa 1 LeuAsnTrpLysGl uGl u 


61 


T TCCTC ACTGGTGTTTTGGATAAC TTGG TGGAACAAAATGTAC TG AAC TGGAAGGAAGAG 
AAGGAGTGACCACAAAACCTATTG.AACCACCTTGTTTTACATGACTTGACCTTCCTTCTC 


+1 GluLysLysLysTyrTyrAspAlaLysThrGluAspLysValArgValMetAlaAspSer 


121 


GAAAAAAAGAAATATTACGATGCTAAAACTGAAGACAAAGTTCGGGTCATGGCAGACTCT 
CTTTTTTTCTTTATAATGGTACGATTTTGACTTCTGTTTCAAGCCCAGTACCGTCTGAGA 


+ 1 


• !c lb 1 flu 1 ULy Sb ! HAPgnB L A l db 1 yo 1 nrlc LLGULBUb 1 n \ f i i w riPr riGASrl I 1 GASp 


181 


ATGCAAGAGAAGCAACGTATGGCAGGACAAATGCTTCTTCAAACCTTTTTTAACATAGAC 
TACGTTCTCTTCGTTGCATACCGTCCTGTTTACGAAGAAGTTTGGAAAAAATTGTATCTG 




O i fl i I BbBlr POASflLy SLySM ! alii SrTOASnrlGLb ! UA 1 db I V r 1 Or f Ob i UbBPb ly 


2*1 


CAAATATCCCCCAATAAAAAAGCTCATCCGAATATGGAGGCTGGACCACCTGAGTCAGGA 
GTTTATAGGGGGTTATTTTTTCGAGTAGGCTTATACCTCCGACCTGGTGGACTCAGTCCT 




b I LOOP 1 rlPASpA 1 dLBULySLGUbySr POn 1 Sb 1 Ub \ Ur nBLc J.*-\PyLBULy SLy Sb 1 U 


301 


GAAiCTACAGATGCCCTCAAGCTTTGTCCTCATGAAGAATTCCTGAGACTATGTAAAGAA 
CTTAGATGTCTACGGGAGTTCGAAACAGGAGTACTTCTTAAGGACTCTGATACATTTCTT 


. l 
-r t 


ArgAl aG 1 uGl u 1 1 eTy rPro i 1 eLysGl uArgAsnAsnArgThr ArgLeuAl aLeuI 1 e 


351 


AGAGCTGAAGAGATCTATCCAATAAAGGAGAGAAACAACCGCACAC 3CCTGGCTCTCATC 
TCTCGACTTCTCTAGATAGGTTATTTCCTCTCTTTGTTGGCGTGT3CGGACCGAGAGTAG 


+ 1 


I leCysAsnThrGluPheAspHi sLeuProProArgAsnGlyAl aAspPheAspIleThr 


421 


ATATGCAATACAGAGTTTGACCATCTGCCTCCGAGGAATGGAGCTGACTTTGACATCACA 
TATACGTTATGTCTCAAACTGGTAGACGGAGGCTCCTTACCTCGACTGAAACTGTAGTGT 




G wMetLysGl uLeuLeuG 1 uG lyLeuAsoTyrSerVal AspVa i 3 ' uGl uAsnLeuThr 


481 


gggatgaaggagctacttgagggtctggactatagtgtagatgt-..3aagagaatctgaca 
ccctacttcctcgatga-c" : :''aga:ctga _ atcacatctac----tctc t_ agactgt 




A: riArgAspMetGl uSer;- ' ••••_.e :..Ar--nA j aPneAl aThrArgPr • 3' -jH'SLysSerSer 


O u i. 


vjLLAGGGATATGGAvj - • ! ' j^TM'^LAU-L. - - .iL'-.L.-Aij ' LL . C i 




As oSe r Th r PheL e j v a * ..-.v.-'-'n 1 ' eLe'-.GU.G ' • '. " -•' •. ••j'.y'hrVal 


60 : 


j.-,^Au' u A^rt 1 i vj'-j i . -■ = : ' .. . •-■ ■ >J i ou/-.o — . :vjunm. i u i o 
l -J :-'•.-■■! A/ • :■• -. )•-.:■•-...■-. -■■-vo-- . . ... ;■, . . 'anL^l 



si us urn r mu.i i <ki i i :m 
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Fig. 14B 

CAS PAS E 4 

+ 1 Hi sAspG 1 uly sty sProAspVa 1 LeuLeuTyrAspThr 1 1 ePheGl n 1 1 ePheAsnAsn 



661 CATGATGAGAAAAAACCAGATGTGCTGCTTTATGACACCATCTTCCAGATATTCAACAAC 
GTACTACTCTTTTTTGGTCTACACGACGAAATACTGTGGTAGAAGGTCTATAAGTTGTTG 
+ 1 ArgAsnCysLeuSerLeuLysAspLysProLysVal II el leValGlnAlaCysArgG ly 



721 CGCAACTGCCTCAGTCTGAAGGAC AAACCCAAGGTC ATCATTGTCCAGGCCTGC AGAGGT 
GCGTTGACGGAGTCAGACTTCCTGTTTGGGTTCCAGTAGTAACAGGTCCGGACGTCTCCA 
+ 1 AlaAsnArgGlyGluLeuTrpValArgAspSerProAlaSerLeuGluValAlaSerSer 



781 GCAAACCGTGGGGAACTGTGGGTCAGAGACTCTCCAGCATCCTTGGAAGTGGCCTCTTCA 
CGTTTGGCACCCCTTGACACCCAGTCTCTGAGAGGTCGTAGGAACCTTCACCGGAGAAGT 
+ 1 Gl nSerSerG - uAsnLeuGl uGl uAspAl aVa 1 TyrLysThrHi sVa 1 Gl uLysAspPhe 



841 CAGTCATCTGAGAACCTGGAGGAAGATGCTGTTTACAAGACCCACGTGGAGAAGGACTTC 
GTCAGTAGACTCTTGGACCTCCTTCTACGACAAATGTTCTGGGTGCACCTCTTCCTGAAG 
+ 1 1 1 e A 1 aPheCysSerSerThrProHi sAsnVa 1 SerlrpArgAspSerThrMetG lySer 



901 ATTGCTTTCTGCTCTTCAACGCCACACAACGTGTCCTGGAGAGACAGCACAATGGGCTCT 
TAACGAAAGACGAGAAGTTGCGGTGTGTTGCACAGGACCTCTCTGTCGTGTTACCCGAGA 
+ 1 I lePhei 1 eThrGl nLeuI 1 eThrCysPheGl nLysTyrSerTrpCysCysHi sLeuGlu 



961 ATCTTCATCACACAACTCATCACATGCTTCCAGAAATATTCTTGGTGCTGCCACCTAGAG 
TAGAAGTAGTGTGTTGAGTAGTGTACGAAGGTCTTTATAAGAACCACGACGGTGGATCTC 
-1 Gl uVa 1 PheArgLysVa 1 Gl nGl nSerPheGl uThrProArgAl aLysAl aG 1 nMetPro 



1021 GAAGTATTTCGGAAGGTACAGCAATCATTTGAAACTCCAAGGGCCAAAGCTCAAATGCCC 
CTTCATAAAGCCTTCCATGTCGTTAGTAAACTTTGAGGTTCCCGGTTTCGAGTTTACGGG 
+1 Thrl leGluArgLeuSerMetThrArgTyrPheTyrLeuPhePrcGlyAsn 



1 08 1 ACC ATAGAACGAC TGTCCATGACAAGATATTTCTACCTCTTTCCTGGC AATTGA 
TGGTATCTTGCTGACAGGTACTGTTCTATAAAGATGGAGAAAGGACCGTTAACT 



si us ri rn i siu.i i iRi i i 
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Fig. 15 A 

CASPASE 5 



-r-1 


MetPhpLvsGl v 1 1 eLeuG 1 pS°rGl vlsuAsoAsnPheVa 1 1 1 eAsnhi sMetLeuLvs 


J. 


A ~P T T P A A ArrTAirfTT" ^ P \ P TPP A TTPP ATA Af TTPP TP A T A A /\ P P *• A TP P T A A A P 

A t b 1 i bAAAbb 1 A ! bb 1 ! ^m'jMu 1 bbn I i bbA 1 AAL ! I Lb 1 brA 1 AAAlL.-.lh 1 bL 1 AAAb 

TACAAGTTTCCATAGGAAGTCTCACCTAACCTATTGAAGCACTATTTGGTGTACGATTTC 


+ 1 


AsnA^nVa 1 Al aGl vG 1 nThrSPiM 1 pGI nThrlPuVa 1 ProAsnThr AsdGI nL vsSpp 


01 


a a r a a rr-T^f^rTC'n a r a a a a t.^t a tp^ ap apppt aptapptaatappp tp a a a nc~ycc 
AALAALb 1 uub 1 bbALAAA^A i L I A 1 bbAbAbbb 1 Ab 1 Abb i AA 1 AbbbM t bAAAAb 1 bb 

TTGTTGCACCGACCTGTTTGTAGATAGGTCTGGGATCATGGATTATGCCTAGTTTTCAGC 


+ 1 
^ i. 


ThrSppl/^ll v<;l v<; A^nA^nHi ^1 vsl v^l vsThrVri 1 L vsMpt 1 puGI uTvrl pijGIv 

fill JCI V U 1 L V JU. J J / \ jUnjI II II jl Jr J L J O L Jr J I 1 M VU 11-JJllV^L.Lt.UUIUI 7 ' I UUU 1 ¥ 


121 


* A T/^T A A A A A A A O A H * A /"* A, A A A AA A A AA ATAT XT A ATA TPTTP^ A A T A PrTPPP P 

aCCAG I GTAAAAAAAGALAaLLALAAAAAAAAAALAb 1 1 AAbA lull buAA 1 ALL 1 GbGL 
TGGTCACATTTTTTTCTGTTGGTGTTTTTTTTTTGTCAATTCTACAACCTTATGGACCCG 




: v/c A<;n\/p 1 1 p m H i c; 1 w \ ; h ] 0 h p A s P. T v ^ i PiiAl^l v^Hi^A^nVnli ■ i T h p 1 p m 1 v <; 


TOT 

181 


\ a a A TrTTTTT A TrrT PT TTTT A A XT a TTTPrr A A A AT ATP AT^TTrTr AT A TTP A AP 

AAAbATGl iCTTCATGGTu: ITTTAAI iAI i iGbLAAAALALbAluT i l 1 bALATTGAAG 
TTTCTACAAGAAGTACCACAAAAATTAATAAACCGTTTTGTGCTACAAGACTGTAACTTC 


+ 1 


Ci 1 1 id 1 1 \Cy ] ; il v<;l vcl v^T vrTvrA^nAl ^! \ 1 °G1 liAsni vsAl^l P'jIIpI puV/ril 

J 1 Uu 1 UU 1 ULy oLy jL Yo I / ' I ) I noun 1 uL J J 1 1 v.U i UnjfJLj jn 1 OLCU i I CLCU V O 1 


24i 


— ,» AOA/^r^A A *\ a O a A a A A AX* XT A T/~* A X ^ ^ A A A A X" 1 "^ A A P A P A f\r^r^Crr~TC^ A TPTTPPT A 

■oAAbAbGAAAAGAAAAAAlH ! i ATGA I bvoAAAA 1 i oAAbALAAubLLL 1 Ga I L ! 1 bb 1 A 
CTTCTCCTTTTCTTTTTTATAATACTACGGTTTTAACTTCTGTTCCGGGACTAGAACCAT 


^ j. 


a c n^p r l oitArnl vcA^nnrnl/n 1 Al ^Hi <;G1 nMp f PhpThrG 1 nThrl ^nI PuA^nMpf 

L-trUMI UL V jr\ji l"i Lj V a 1 n 1 ui ! i jU I i ii ic ' v n it I I 1 1 vjiiimm L^ULtunoi u icl 


301 


uACTCTTTGCGAAAGAATLbLu I GGCTlATCAAAi GTTTACCCAAACAl i i C i bAATATb 
CTGAGAAACGCTTTCTTAGCGCACCGAGTAGTTTACAAATGGGTTTGTGAAGAGTTATAC 




■ A c piH 1 n t wc iloTrr^ori/; 1 i \y <; P r P ' P 1 1 1 P i i 1 P I 1 oP 1 m A } P 1 y p r n p p ofn 1 I i^pr 


361 


•jACCAAaAGATCAlCagT^ i aaAALl : L i i L \ uLAAA 1 LbAubL I GbMbLAbL i uAb 1 LA 
CTGGTTTTCTAGTGGTCACATTTTGGAGAAGACGTTTAGCTCCGACCTGGTGGACTCAGT 




A 1 1 t i^p rTh r Ac n I 1 pI p;;! wq! pi iPv^ PpnApnfn 1 I iH 1 I iPhPi 1 PliAPnl P'jTv^I 


421 


n *i A ax/^Xa^a a /" T M A rir \ a APTTT^TrrTrPTP A AT A ATT^rTP AfTP XO T A A A 

GCAGAATCTACAAATATAl i CAmACTTTu i bb 1 bb 1 GAAbAA 1 ! lL 1 bAbAb 1 b 1 b 1 AAA 
CGTCTTAGATGTTTATATGAGTTTGAAACAGGAGCACTTCTTAAGGACTCTGACACATTT 


+ ] 


' v<;A<;nW-i c AqoGI i j P ; -Tvr D ^n I ! ^ v^! vsA^aGl uA^dApg Ara ApqL ^uAl 3Lpu 


1 Q 1 

1 


AAAAATCATGATGAGATCTATCCAA.TaAAAAAGAGAGAGGACCGCAGACGCCTGGCTCTC 
TTTTTAGTACTACTCTAGATAGGTTATTTTTTCTCTCTCCTGGCGTCTGCGGACCGAGAG 


4- i 


! 1 ei ! eCysAsnThri ysP neA^oH • s..r.,- pr oAl aArgAsrG ' yAiai-"" s'yAspi le 


541 


:",TCATATGCAATACAAAG __t ^ATCA:;''"XCTGCAAGGAAT3GGGC t C.-CTA~GACATC 

^ T A T ipPTT A Tf T T x ^ -. r .■ ■" " *. r p 7 rp c T T / " " C " j'* 1 *' " ~ " ' T * P TP A 




Va i 3 1 yMe:Ly5Arg , ..r'jL-r-:G' ^3;,. _r=,G i yTy"""h:"Vo ; \ :: 1 A^c-L : ..../l^znle-j 


601 


- r r- ^ rr* a —/^ a /, a a ^ /~ ' . " ' " ~ ". " " 7 ^ ~ " " ,\ •* /~ 7~ - - - - *, •. .-. •. rf T " 

j 1 uubuA i u^M-ioOw - - : .■-'•--v.-'J ! .^J'J'v -^rA^ • a . . j.- ■ v - :. — «-.-■ . i ^ 

a ^ " - T A r-rr-T - ^ ■ * " ^ ' ' ~ "~ ^ x - a ' - " •. • - - •, p A T 



srns'rrn i r; sm i i <ru r 2f» i 
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Fig. 15B 

CASPASE 5 

-1 ThrAl aArgAspMetGI uSerVa 1 LeuArcA i aPheAl aAl aArgProGl uHi sLysSer 



651 ACAGCCAGGGATATGGAGTCAGTGCTGAGGGCATTTGCTGCCAGACCAGAGCACAAGTCC 
TGTCGGTCCCTATACCTCAGTCACGACTCCCGTAAACGACGGTCTGGTCTCGTGTTCAGG 
- 1 SerAspSer ThrPheLeuVa 1 LeuMetSerH i sG 1 y 1 1 eLeuGl uG ly 1 1 eCysGl yThr 



721 TCTGACAGCACGTTCTTGGTACTCATGTCTCATGGCATCCTAGAGGGAATCTGCGGAACT 
AGACTGTCGTGCAAGAACCATGAGTACAGAGTACCGTAGGATCTCCCTTAGACGCCTTGA 
+1 AlaHisLysLysLysLysProAspValLeuLeuTyrAspThrllePheGlnl lePheAsn 



781 GCGCATAAAAAGAAAAAACCGGATGTGCTGCTTTATGACACCATCTTCCAGATATTCAAC 
CGCGTATTTTTCTTTTTTGGCCTACACGACGAAATACTGTGGTAGAAGGTCTATAAGTTG 





1 


'-UV-U ■ V < • ' 1 ' V_ 1 i 1 1 1 t WV,^ ' M\^M\^\JM»„UMMM i MA.. 1 U 1 VJV.J 1 MUMMUU ILI.HI MM VI 1 1 Kt 

AsnArgAsnCysLeuSerLeuLysAspLysProLysVal I lei leValGlnAlaCysArg 


841 




AACCGCAACTGCCTCAGTCTAAAGGACAAACCCAAGGTCATCATTGTCCAGGCCTGCAGA 
TTGGCGTTGACGGAGTCAGATTTCCTGTTTGGGTTCCAGTAGTAACAGGTCCGGACGTf.T 




1 GlyGluLysHisGlyGluLeuTrpValArgAspSerProAlaSerLeuAlaVal IleSer 


901 




GGTGAAAAACATGGGGAACTCTGGGTCAGAGACTCTCCAGCATCCTTGGCAGTCATCTCT 
CCACTTTTTGTACCCCTTGAGACCCAGTCTCTGAGAGGTCGTAGGAACCGTCAGTAGAGA 




1 


SerGl nSerSerG 1 uAsnLeuGl uAl aAspSerVa 1 CysLys 1 1 eHi sGl uGl uLysAsp 


961 




TCACAGTCATCTGAGAACCTGGAGGCAGATTCTGTTTGCAAGATCCACGAGGAGAAGGAC 
AGTGTCAGTAGACTCTTGGACCTCCGTCTAAGACA.AACGTTCTAGGTGCTCCTCTTCCTG 




} 


Phe 1 1 eA i aPheCysSerSerlhrProHi sAsnVa i SerTr'pArgAspArgThrArgGl y 


1021 




TTCATTGCTTTCTGTTCTTCAACACCACATAACGTGTCCTGGAGAGACCGCACAAGGGGC 
AAGTAACGAAAGACAAGAAGTTGTGGTGTATTGCACAGGACCTCTCTGGCGTGTTCCCCG 




1 


SerllePhel leThrGluLeuI leThrCysPheGlnLysTyrSerCysCysCysHlsLeu 


1081 




TCCATCTTCATTACGGAACTCATCACATGCTTCCAGAAATATTCTTGCTGCTGCCACCTA 
AGGTAGAA.GTAATGCCTTGAGTAGTGTACGAAGGTCTTTATAAGAACGACGACGGTGGAT 




1 


MetGlui lePheArqLysVa :G InLysSerPheGiuVa 1 ProGl nAlaLysA ) aGl nMet 


1141 




ATGGAAATATTTCGGAAGGTACAGAAA.TCATTTGAAGTTCCACAGGCTAAAGCCCAGATG 
TACCTT~ATAAAGCCTTCCA7G~CT T TAGTAAACTTCAAGGTGTCC6A T TTCGGGTCTAC 




i 

J. 


ProThr". i eGl jArg/C aT'nr^eu f hrArgAspPrely rLeuPhe^rcG 1 yAs-* 


1201 




r r r t\c r \ t a r • a r- p r ^ r * * ~ ~ TP -\ r ;• ^ /■■ n y ~ ' ~ * T T rTT Tr r " * * ^T^ -** f 

^Ll_AL^- 1 HOMALU^oLrvr^ : i ljM^nri;Mi.)h M . M^v. J v_J ! : 1 OUl" - ' 1 oHft 

GGGTu : j: : * G = * GL 1 ,D : ; j ; jAALTui : ' A a! AA~\?A - u- jAdAAAGGAA ..G * - -G : H 



SI HS I I I I (1 SI 1 KI T I K 26j 
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Fig. 16 A 

CASPASE 6 

+1 MetSerSerAlaSerGlyLeuArqArgGl yHisProAlaG lyGlyGluGluAsnMetThr 

-« _ _ _ 

1 ATGAGCTCGGCCTCGGGGCTCCGCAGGGGGCACCCGGCAGGTGGGGAAGAAAACATGACA 
TACTCGAGCCGGAGCCCCGAGGCGTCCCCCGTGGGCCGTCCACCCCTTCTTTTGTACTGT 

+1 GluThrAspAlaPheTyrLysArgGluMetPheAspProAlaGluLysTyrLysMetAsp 

61 GAAACAGATGCCTTCTATAAAAGAGAAATGTTTGATCCGGCAGAAAAGTACAAAATGGAC 
CTTTGTCTACGGAAGATATTTTCTCTTTACAAACTAGGCCGTCTTTTCATGTTTTACCTG 
+1 Hi sArgArgArgGly 1 1 eAl aLeuI 1 ePheAsnHi sGl uArgPhePheTrpHi sLeuThr 

l 2 1 CACAGG AGG AGAGGAATTGCTTTAATCTTCAATC ATGAGAGGTTCTTTTGGCACTTAACA 
GTGTCCTCCTfTCCTTAACGAAATTAGAAGTTAGTACTCTCCAAGAAAACCGTGAATTGT 

+1 LeuProGl uArgArgGlyThrCysAlaAspArgAspAsnLeuThrArgArgPheSerAsp 

181 CTGCCAGAAAGGCGGGGCACCTGCGCAGATAGAGACAATCTTACCCGCAGGTTTTCAGAT 
GACGGTCTTTCCGCCCCGTGGACGCGTCTATCTCTGTTAGAATGGGCGTCCAAAAGTCTA 
+ 1 LeuGl yPheG 1 uVa 1 LysCysPheAsnAspleuLysAl aGl uG 1 uLeuLeuLeuLys 1 1 e 

241 PTAGGATTTGAAGTGAAATGCTTTAATGATCTTAAAGCAGAAGAACTACTGCTCAAAATT 
GATCCTAAACTTCACTTTACGAAATTACTAGAATTTCGTCTTCTTGATGACGAGTTTTAA 
+ 1 Hi sGl uVa 1 SerThrVa 1 SerHi sAl aAspAl aAspCysPheVa 1 CysVal PheLeuSer 

301 CATGAGGTGTCAACTGTTAGCCACGCAGATGCCGATTGCTTTGTGTGTGTCTTCCTGAGC 
GTACTCCACAGTTGACAATCGGTGCGTCTACGGCTAACGAAACACACACAGAAGGACTCG 
+1 HisGlyGluGlyAsnHisIleTyrAla lyrAspAlaLysLleGluIleGlnThrLeuihr 

361 CATGGCGAAGGCAATCACATTTATGCATATGATGCTAAAATCGAAATTCAGACATTAACT 
GTACCGCTTCCGTTAGTGTAAATACGTATACTACGATTTTAGCTTTAAGTCTGTAATTGA 

+ 1 GlyLeuPheLysGlyAspLysCysHi sSerLeuVa 1G1 yLysProLys 1 1 ePhe 1 1 el 1 e 

4?1 GGCTTGTTCAAAGGAGACAAGTGTCACAGCCTGGTTGGAAAACCCAAGATATTTATCATC 
CCGAACAAGTTTCCTCTGTTCACAGTGTCGGACCAACCTTTTGGGTTCTATAAATAGTAG 
+ 1 Gl nAl aCysArgGl yAsnGl nHi sAspVa 1 ProVa 1 1 1 eProLeuAspVa 1 ValAspAsn 

481 CAGGCATGTCGGGGAAACCAGCACGATGTGCCAGTCATTCCTTTGGATGTAGTAGATAAT 

GTCCGTArAGCCCCTTTGGTCGTGCTACACGGTCAGTAAGGAAACC^ACATCATCTATTA 



- 1 GlnThrGluLys.euAsc ■ " r AsnI 1 efnrGiuvaiAspA! aA-eSerVa ': \ 

54 1 CAGACAGAGAAG~~GGACACCAACA 1 Aa^TGAuu ■ jo.-j ■ -jCAGw. ; -XuT I i a.LA_ul -o 
GTCTGTCTC.TTCAACCTGTGG i 1 Gl A : ■ GAC TCCAI I • "G ! fflAGGCAA* i G'G'GAC 
'-i ProA ) aG 1 yA • a As oP*" e . e-jKe t C y s r v "Se r v ' ; A'aGU.G '.-.-l i yrS-r- •• sA-g 



bOl C'v-TGCTGGAGC 



ggacgacctc-:-a":,a 



si us n i r 1 1, siil.IT (Rl I I. 2(.i 



WO 99/35277 l , CT/US99/00632 

22/33 

Fig. 16B 

CAS PAS £ 5 

+ 1 GluThrValAsnGlySerTrpTyr I leGlnAspLeuCysGl uMetLeuGlyLysTyrGly 



661 GAAACTGTGAACGGCTCATGGTACATTCAAGATTTGTGTGAGATGTTGGGAAAATATGGC 
CTTTGACACTTGCCGAGTACCATGTAAGTTCTAAACACACTCTACAACCCTTTTATACCG 
+1 SerSerLeuGluPheThrGluLeuLeuThrLeuValAsnArgLysVa lSerGlnArgArg 



721 TCCTCCTTAGAGTTCACAGAACTCCTCACACTGGTGAACAGGAAAGTTTCTCAGCGCCGA 
AGGAGGAATCTCAAGTGTCTTGAGGAGTGTGACCACTTGTCCTTTCAAAGAGTCGCGGCT 
+1 ValAspPheCysLysAspProSerAlalleGlyLysLysGlnValProCysPheAlaSer 



781 GTGGACTTTTGCAAAGACCCAAGTGCAATTGGAAAGAAGCAGGTTCCCTGTTTTGCCTCA 
CACCTGAAAACGTTTCTGGGTTCACGTTAACCTTTCTTCGTCCAAGGGACAAAACGGAGT 
+ i MetLeuThrLysLysLeuHi sPhePheProLysSerAsn 



84 1 ATGCTAACTAAAAAGCTGCATTTCTTTCCAAAATCTAATTAAN 
TACGATTGATTTTTCGACGTAAAGAAAGGTTTTAGATTAATTN 



si its r i i i 1 1 shfkt (Ui'i.F. 26) 
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Fig. 17 A 

CASPASE " 

+ 1 MetAl aAspAspGl nGl vCvs 1 1 eG 1 uGl uG 1 nGl vv a 1 Gl uAspSerAl aAsnG 1 uAsp 
] 

1 ATGGCAGATGATCAGGGCTGTATTGAAGAGCAGGGGGTTGAGGATTCAGCAAATGAAGAT 
TACCGTCTACTAGTCCCGACATAACTTCTCGTCCCCCAACTCCTAAGTCGTTTACTTCTA 
+1 SerVa 1 AspAl alysProAspArgSerSerPheVa 1 ProSerLeuPheSerLysLysLys 



61 TCAGTGGATGCTAAGCCAGACCGGTCCTCGTTTGTACCGTCCCTCTTCAGTAAGAAGAAG 
AGTCACCTACGATTCGGTCTGGCCAGGAGCAAACATGGCAGGGAGAAGTCATTCTTCTTC 
+1 LysAsnValThrMetArgSerl leLysThrThrArgAspArgVal ProThrTyrG 1 nTyr 



121 AAAAATGTCACCATGCGATCCATCAAGACCACCCGGGACCGAGTGCCTACATATCAGTAC 
TTTTTACAGTGGTACGCTAGGTAGTTCTGGTGGGCCCTGGCTCACGGATGTATAGTCATG 
+1 AsnMetAsnPheGluLysLeuGlyLysCysI lellel leAsnAsnLysAsnPheAspLys 



181 AACATGAATTTTGAAAAGCTGGGCAAATGCATCATAATAAACAACAAGAACTTTGATAAA 
TTGTACTTAAAACTTTTCGACCCGTTTACGTAGTATTATTTGTTGTTCTTGAAACTATTT 
+1 ValThrGlyMetGlyVal ArgAsnGlyThrAspLysAspAlaGluAlaLeuPheLysCys 



241 GTGACAGGTATGGGCGTTCGAAACGGAACAGACAAAGATGCCGAGGCGCTCTTCAAGTGC 
CACTGTCCATACCCGCAAGCTTTGCCTTGTCTGTTTCTACGGCTCCGCGAGAAGTTCACG 
+1 PheArgSerLeuGlyPheAspVal IleValTyrAsnAspCysSerCysAlaLysMetGln 



301 TTCCGAAGCCTGGGTTTTGACGTGATTGTCTATAATGACTGCTCTTGTGCCAAGATGCAA 
AAGGCTTCGGACCCAAAACTGCACTAACAGATATTACTGACGAGAACACGGTTCTACGTT 

+ 1 AspLeuLeuLysLysAl aSerGl uGl uAspHi sThrAsnAl aAl aCysPheAl aCys 1 1 e 



361 GATCTGCTTAAAAAAGCTTCTGAAGAGGACCATACMATGCCGCCTGCTTCGCCTGCATC 
CTAGACGAATTTTTTCGAAGACTTCTCCTGGTATGTTTACGGCGGACGAAGCGGACGTAG 
+1 LeuLeuSerHisGlyGluGluAsnVal IleTyrGlyLysAspGlyValThrProIleLys 



421 CTCTTAAGCCATGGAGAAGAAAATGTAATTTATGGGAAAGATGGTGTCACACCAATAAAG 
GAGAATTCGGTACCTCTTCTTTTACATTAAATACCCTTTCTACCACAGTGTGGTTATTTC 
+ 1 AspLeuThrA] aHi sPheArgGlyAspArgCysLys i hrLeuLeuGl uLysProLysLeu 



48 1 GATTTGACAGCCCACTTTAGGGGGGATAGATGC AA AAC C C T TT T AG AG AA AC CC AA AC • C 
CTAAACTGTCGGGTGAAA"CCCCCCTATCTACG T ' TT GGGAAAATCTCTTTGGGTT^GAG 

+ 1 PhePhe I : eG ■ nA ; aCy sArgG ; ylhrG 1 jLeu.-spAsoGly IleGlr.Ai aAspSe -G • y 



I TTCTTCAT ! CAGGC i TGCCGAb'jGACLoAu-- ■ ; ■ > vjuA ; CtAuGuCuAC 1 •.•j , cuu 

aagaagtaag:"c:gaacggc t ccctggctcg/-.-': "-- r " accgtagg"ccggctg-g:: :•: 

+ 1 Pro! 1 eAs n As c' r r ** As p A i a As rProkrq i'v.. . • ". ' -f-'-oVa !G : u/\« eAsp^v-C-u 



bOl CCCATL.AAT'.jA.„auAGA ' u'^ • AaT^C i < ..v.-Aj :uuAAjl ja:,. ; 
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Fig. 17B 

CASPASE 7 

+ i PheAl aTyrSerThrVa 1 ProGl yTyrTyrSerTrpArgSerProGl yArgGlySerTrp 



661 TTCGCCTATTCCACGGTTCCAGGCTATTACTCGTGGAGGAGCCCAGGAAGAGGCTCCTGG 
AAGCGGATAAGGTGCCAAGGTCCGATAATGAGCACCTCCTCGGGTCCTTCTCCGAGGACC 
+ 1 PheVa 1 Gl nAl aLeuCysSer 1 1 eLeuGl uGl uHi sGl yLysAspLeuG lull eMetGl n 



721 TTTGTGCAAGCCCTCTGCTCCATCCTGGAGGAGCACGGAAAAGACCTGGAAATCATGCAG 
AAACACGTTCGGGAGACGAGGTAGGACCTCCTCGTGCCTTTTCTGGACCTTTAGTACGTC 
+1 i leLeuThrArgValAsnAspArgValAlaArgHisPheGl uSerGl nSerAspAspPro 



781 ATCCTCACCAGGGTGAATGACAGAGTTGCCAGGCACTTTGAGTCTCAGTCTGATGACCCA 
TAGGAGTGGTCCCACTTACTGTCTCAACGGTCCGTGAAACTCAGAGTCAGACTACTGGGT 
+ 1 HisPheHisGluLysLysGlnlleProCysVal Val SerMetLeuThrLysGl uLeuTyr 



841 CACTTCCATGAGAAGAAGCAGATCCCCTGTGTGGTCTCCATGCTCACCAAGGAACTCTAC 
GTGAAGGTACTCTTCTTCGTCTAGGGGACACACCAGAGGTACGAGTGGTTCCTTGAGATG 
+1 PheSerGln 



901 TTCAGTCAATAGN 
AAGTCAGTTATCN 
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Fig. 18A 




CASPASE 3 


+1 


MetAspPheSerArgAsnLeuTyrAspHeGlyGluGinLeuAspSerGluAspLeuAla 


1 


ATGGACTTCAGCAGAAATCTTTATGATATTGGGGAACAACTGGACAGTGAA6ATCTGGCC 

i ALL 1 bAAb 1 Lb i L 1 1 1 AbAAA I AL I M I HMLtLt i iui i uhll i u i LMt i i u i huml^uu 


+1 


SerLeuLy sPheLeuSerLeuAspTy r 1 1 eProGl nArgLysGl nGl uProIl eLysAsp 


61 


TCCCTCAAGTTCCTGAGCCTGGACTACATTCCGCAAAGGAAGCAAGAACCCATCAAGGAT 

AbbbAb 1 1 LAAbbAb 1 bbbAbb 1 bA 1 b 1 MAijuLu I t I bb i I bb I i b i I uuu I mu i i Lb I m 


+1 


Al aLeuMetleuPheGl nArgLeuGl nGl uLysArgMetLeuGl uGl uSerAsnLeuSer 


121 


GCCTTGATGTTATTCCAGAGACTCCAGGAAAAGAGAATGTTGGAGGAAAGCAATCTGTCC 

p*-p a aptapaata a ppt<~ TP TP A PP TP P TTTTP TP TT A P A A P 1 — rPPTTTPPTT AP. AT AP.P 
LuGAACTAv.AA 1 AAGG 1 L 1 L 1 GAbb 1 LL 1 1 1 1 L 1 L 1 ! ALM ALL 1 LL 1 I 1 Lb 1 1 AbALAbb 




PheLeuLysGluLeuLeuPheArgI 1 eAsnArgLeuAspLeuLeuI 1 eThrTyrLeuAsn 


181 


TTCCTGAAGGAGCTGCTCTTCCGAATTAATAGACTGGATTTGCTGATTACCTACCTAAAC 

a ,\t apttpptpp app ap a appptt a a TT A TP TP APPT a A APPAPTAATHPATPP, ATTTP, 
AAi->bAl.i !(.(.! LbALbAbAALibL 1 1 AA 1 1 A 1 L 1 bALL i MMMLbML I mm i uua i ouM i i iu 


+ 1 


ThrArgLysGl uG i uMetGl uArgGl uLeuGl nThrProGlyArgAl aGl n 11 eSerAl a 


241 


ACTAGAAAGGAGGAGATGGAAAGGGAACTTCAGACACCAGGCAGGGCTCAAATTTCTGCC 

-r^ a ti — r-r— rr-rrrTr'T APPTTTPPPTTP A APTPTPTPPTPPPTPPPP.AP.TTT A A AP.APP.P 
= bATCTT 1 CC 1 LL 1 1 ALL 1 1 1 LLL 1 ! uAAb 1 L 1 b 1 bb 1 LLo i LLLbAb i 1 i ^.-vAbMLbvj 


-f- \ 


TyrArgPheHi sPheCysArgMetSerTrpAl aGl uAl aAsnSerGl nCysGl nThrGl n 


301 


TACAGGTTCCACTTCTGCCGCATGAGCTGGGCTGAAGCAAACAGCCAGTGCCAGACACAG 

,-. -m-rrr a apptp a a p a <~.~pppt APTPP t\Crrr APTTPPTTTPTPPPTP APPP.TPTP.TPTP 
A i GTCCAAGGTGAAGAluGLG 1 AL 1 UjAL^LbAL 1 1 Lb 1 i 1 b 1 t_bb 1 LALbu l i b ! b l ^ 


+ 1 


SerVa 1 ProPheTrpArgArgVa 1 AspHi sLeuLeu 1 1 eArg Va 1 MetLeuTyrGl n 11 e 


361 


TCTGTACCTTTCTGGCGGAGGGTCGATCATCTATTAATAAGGGTCATGCTCTATCAGATT 

ff N «rjiTr /, \«nrArr,' , rrTrrrA' , rTArTAr(\TAATTf TT<~ PP APT APPAP AT AP I PTA A 
A.GACA T GbAAAGALLbLL 1 LLLAuL 1 Ab 1 AuA 1 AA 1 i A 1 1 ^LLAu i ALbAbM i Mb I L 1 AM 


+ 1 


SerGl uGl uVa 1 SerArgSerGl uLeuArgSerPheLysPheLeuLeuGl nGluGluIle 


421 


TCAGAAGAAGTGAGCAGATCAGAATTGAGGTCTTTTAAGTTTCTTTTGCAAGAGGAAATC 

aptpttp^tp i\ pTprTrTAPTn — r a a p ~rpp a P A A A A TTP A a at ^ A A APPTTP ypTTTAP 
AGTCTTC i TCAC 1 CG 1 b i Ab 1 b ! 1 AAb i LLAbAAAA 1 I LAAAbAAAAbb liliaiMMo 


+ 1 


SerLysCysLysLeuAspAspAspMetAsnLeuLeuAspI 1 ePhei leGl uMetGl uLys 


481 


'CCAAATGCAAACTGGATGATGACATGAACCTGCTGGATAT"TCATAGAGA^GGAGAAG 

-Gb ! T 1 AbbTT l uA>^b i r\\. \ Ab 1 b Ab i 1 obAbbAbc ! A ! ^-a-v-.-.j ; A 1 ^ ! b « m-.^ , , ^ 




ArqVal 1 1 e L euG 1 y G 1 i«G 1 y Ly s L e u As o I 5 eLeuLysA^c'v = -CysAl aG : n 1 1 eAsn 


541 


-obb ! bA i bb : buuA'oAp-bbAAMb . i b^ALM • i jAm.^m-o.-.o . ■„ i a : oll.-,^ ■ 




l /sSerLeuLeuL_/s 1 'e' • eAsnAs:;" v:G : -.:G ■ jP^eSe'^/SGlyG liiG Jbei.C'. s 


60 i 


AAGAGCCTGCTGAAGATAATCAACGAC - A G^AGaAi u--. A-bGGGAbo- j : bTb ■ 
T-rp yp-p;,f p j j.-t7.---.:t - ix.^T"" : G-"""A". "--'^G " "GCCCTb • 7 lir .-"- r A 
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Fig. 18B 

CASPASE 8 

+ 1 GlyVa IMetThr 1 1 eSerAspSerProArgGl uGl nAspSerGl uSerG 1 nThrLeuAsp 



661 GGGGTAATGACAATCTCGGACTCTCCAAGAGAACAGGATAGTGAATCACAGACTTTGGAC 
CCCCATTACTGTTAGAGCCTGAGAGGTTCTCTTGTCCTATCACTTAGTGTCTGAAACCTG 
+1 LysValTyrGlnMetLysSerLysProArgGlyTyrCysLeuIlelleAsnAsnHisAsn 



721 AAAGTTTACCAAATGAAAAGCAAACCTCGGGGATACTGTCTGATCATCAACAATCACAAT 
TTTCAAATGGTTTACTTTTCGTTTGGAGCCCCTATGACAGACTAGTAGTTGTTAGTGTTA 
+ 1 PheAlaLysAlaArgGluLysValProLysLeuHisSerlleArgAspArgAsnGlyThr 



781 TTTGCAAAAGCACGGGAGAAAGTGCCCAAACTTCACAGCATTAGGGACAGGAATGGAACA 
AAACGTTTTCGTGCCCTCTTTCACGGGTTTGAAGTGTCGTAATCCCTGTCCTTACCTTGT 
-1 Hi sLeuAspAl aGlyAl aLeuThrThrThrPheGl uGl uLeuHi sPheG 1 ul 1 eLysPro 



841 CACTTGGATGCAGGGGCTTTGACCACGACCTTTGAAGAGCTTCATTTTGAGATCAAGCCC 
GTGAACCTACGTCCCCGAAACTGGTGCTGGAAACTTCTCGAAGTAAAACTCTAGTTCGGG 
+1 Hi sHi sAspCysThrVa 1 Gl uGl n 1 1 eTy rGl u 1 1 eLeuLys 1 1 eTy rGl nLeuMetAsp 



90 1 CACCATGACTGCACAGTAGAGCAAATCTATGAGATTTTGAAAATCTACCAACTCAIGGAC 
GTGGTACTGACGTGTCATCTCGTTTAGATACTCTAAAACTTTTAGATGGTTGAGTACCTG 
+1 HisSerAsnMetAspCysPhelleCysCysIleLeuSerHi sGlyAspLysGlyl lelle 



961 CACAGTAACATGGACTGCTTCATCTGCTGTATCCTCTCCCATGGAGACAAGGGCATCATC 
GTGTCATTGTACCTGACGAAGTAGACGACATAGGAGAGGGTACCTCTGTTCCCGTAGTAG 
+ 1 TyrGlyThrAspGlyGlnGluAlaProIleTyrGluLeuThrSerGlnPheThrGlyLeu 



1021 TATGGCACTGATGGACAGGAGGCCCCCATCTATGAGCTGACATCTCAGTTCACTGGTTTG 
ATACCGTGACTACCTGTCCTCCGGGGGTAGATACTCGACTGTAGAGTCAAGTGACCAAAC 
+1 LysCysProSerLeuAl aGlyLysProLysVa 1 PhePhell eGl nAl aCysGl nGlyAsp 



1081 AAGTGCCCTTCCCTTGCTGGAAAACCCAAAGTGTTTTTTATTCAGGCTTGTCAGGGGGAT 
TTCACGGGAAGGGAACGACCTTTTGGGTTTCACAAAAAATAAGTCCGAACAGTCCCCCTA 

+ 1 AsnTyrGlnLysGlylleProValGluThrAspSerGluGluGlnProTyrLeuGluMet 



1141 AACTACCAGAAAGGTATACCTGTTGAGACTGATTCAGAGGAGCAACCCTATTTAGAAATG 
TTGATGGTCTTTCCATATGGACAACTCTGACTAAGTCTCCTCGTTGGGATAAATCTTTAC 
+ 1 AspLeuSerSerProGinThrArgTyri leProAspGl jAI aAspPheLeuLeuGlyMe: 



1201 GATTTATCATCACCTCAAACGAGATATATCCCGGATGAGGCTGACT7TCTGCTGGGGATG 
CTAAATAGTAGTGGAGTTTGCTCTATA^AGGGCCTACTCCGACTGAAAGACGACCCCTAC 
^1 A i aThrVa : AsnAsnCysVa 1 Ser"; yrArcAsrP^oA ; =G : uG i yTr.rlrolyrl S eGi n 



1261 GCCACTGTG.AATAACTGTGTTTCCTmCCGAAAC^ 

CGG T GACAC i ■ -TTGACACAAAGGATGGC ' "GGGACGTCTCCT : GGACC-. = G • AGGTC 



si Hsrn r i f shi.f r (iu i.i: :m 



WO 99/35277 PCT/US99/00632 

27/33 

Fig. 18C 

CASPASE 8 

+ 1 SerLeuCy sGl nSerLeuArgG 1 uArgCysProArgGl yAspAsp 1 1 eLeuThr 1 1 eLeu 



1321 TCACTTTGCCAGAGCCTGAGAGAGCGATGTCCTCGAGGCGATGATATTCTCACCATCCTG 
AGTGAAACGGTCTCGGACTCTCTCGCTACAGGAGCTCCGCTACTATAAGAGTGGTAGGAC 
+1 ThrGl uVa 1 AsnTyrGl uVa 1 SerAsnLysAspAspLysLysAsnMetGl yLysGl nMet 



138 1 ACTGAAGTGAACTATGAAGTAAGCAACAAGGATGACAAGAAAAACATGGGGAAACAGATG 
TGACTTCACTTGATACTTCATTCGTTGTTCCTACTGTTCTTTTTGTACCCCTTTGTCTAC 
+ 1 ProGl nProThrPheThrLeuArgLysLysLeuVal PheProSerAsp 



144 1 CCTCAGCCTACTTTCACACTAAGAAAAAAACTTGTCTTCCCTTCTGATTGANN 
GGAGTCGGATGAAAGTGTGATTCTTTTTTTGAACAGAAGGGAAGACTAACTNN 



SI HSI ITI I I SUFI- I (IU l.K 26) 



WO 99/35277 l'CT/US99/00632 

28/33 

Fig. 19 A 

CAS PAS E 9 

+1 MetAspGluAlaAspArgArgLeuLeuArgArgCysArgLeuArgLeuValGluGluLeu 
] 

1 ATGGACGAAGCGGATCGGCGGCTCCTGCGGCGGTGCCGGCTGCGGCTGG.TGGAAGAGCTG 
TACCTGCTTCGCCTAGCCGCCGAGGACGCCGCCACGGCCGACGCCGACCACCTTCTCGAC 
+1 Gl nVa 1 AspGl nLeuTrpAspAl aLeuLeuSerSerG 1 uLeuPheArgProHi sMet 1 1 e 



61 CAGGTGGACCAGCTCTGGGACGCCCTGCTGAGCAGCGAGCTGTTCAGGCCCCATATGATC 
GTCCACCTGGTCGAGACCCTGCGGGACGACTCGTCGCTCGACAAGTCCGGGGTATACTAG 
+1 Gl uAsp II eG 1 nArgAl aGl ySerGl ySerArgArgAspG 1 nAl aArgGl nLeu 1 1 e 1 1 e 



121 GAGGACATCCAGCGGGCAGGCTCTGGATCTCGGCGGGATCAGGCCAGGCAGCTGATCATA 
CTCCTGTAGGTCGCCCGTCCGAGACCTAGAGCCGCCCTAGTCCGGTCCGTCGACTAGTAT 
+1 AspLeuG luThrArgGlySerGlnAlaLeuProleuPhel leSerCysLeuGluAspThr 



181 GATCTGGAGACTCGAGGGAGTCAGGCTCTTCCTTTGTTCATCTCCTGCTTAGAGGACACA 
CTAGACCTCTGAGCTCCCTCAGTCCGAGAAGGAAACAAGTAGAGGACGAATCTCCTGTGT 
+1 GlyGl nAspfietLeuAl aSerPheLeuArgThrAsnArgGl nAl aAl aLysLeuSerLys 



24 1 GGCCAGGACATGCTGGCTTCGTTTCTGCGAACTAACAGGCAAGCAGCAAAGTTGTCGAAG 
CCGGTCCTGTACGACCGAAGCAAAGACGCTTGATTGTCCGTTCGTCGTTTCAACAGCTTC 
+1 ProThrLeuGl uAsnLeuThrProVal Val LeuArgProGl ul 1 eArgLysProGl uVal 



301 CCAACCCTAGAAAACCTTACCCCAGTGGTGCTCAGACCAGAGATTCGCAAACCAGAGGTT 
GGTTGGGATCTTTTGGAATGGGGTCACCACGAGTCTGGTCTCTAAGCGTTTGGTCTCCAA 

+1 LeuArgProGl uThrProArgProValAspIleGlySerG.lyGlyPheGlyAspValGly 



361 CTCAGACCGGAAACACCCAGACCAGTGGACATTGGTTCTGGAGGATTTGGTGATGTCGGT 
GAGTCTGGCCTTTGTGGGTCTGGTCACCTGTAACCAAGACCTCCTAAACCACTACAGCCA 
+1 Al aLeuG 1 uSerLeuArgGlyAsnAl aAspLeuAl aTy r 1 1 eLeuSerMetGl uProCys 



42 1 GCTCTTGAGAGTTTGAGGGGAAATGCAGATTTGGCTTACATCCTGAGCATGGAGCCCTGT 
CGAGAACTCTCAAACTCCCCTTTACGTCTAAACCGAATGTAGGACTCGTACCTCGGGACA 
+ 1 GlyHisCysLeuI lei leAsnAsnVal AsnPheCysArgGl uSerGlyLeuArgThrArg 



481 GGCCACTGCCTCATTATCAACAATGTGAACTTCTGCCGTGAGTCCGGGCTCCGCACCCGC 
CCGGTGACGGAGTAATAGTTGTTACACTTGAAGACGGCACTCAGGCCCGAGGCGTGGGCG 
+1 ThrG lySerAsn! leAspCysGl uLysLeuArgArgArgPheSerSerProHi sPheMet 



541 ACTGGCTCCAACATCGACTGTGAGAA.GTTGCGGCGTCGCTTCTCCTCGCCGCATTTCATG 
TGACCGAGGTTGTAGCTGACACTCTTCAACGCCGCAGCGAAGAGGAGCGGCGTAAAGTAC 
+ 1 Va 1 Gl uv'c ! LysG ; yAspLeuThrA i aLysLysMetV?. ; LeuAlaLeuLeuGl uLeuA 1 a 



60 i gtggagg tgaagggcgacc tg ac tgccaagaaaatgg tgc tggctttgc tggagc tggcg 
cacctc:act":ccgctggactgacgg'tct t t-^:cacgaccgaaacgacctcgaccgc 
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Fig, 19B 

CASPASE 9 

+ 1 ArgGl nAspHi sGlyAl aLeuAspCysCysVal Val Va 1 1 1 eLeuSerHi sGlyCysGl n 



661 CGGCAGGACCACGGTGCTCTGGACTGCTGCGTGGTGGTCATTCTCTCTCACGGCTGTCAG 
GCCGTCCTGGTGCCACGAGACCTGACGACGCACCACCAGTAAGAGAGAGTGCCGACAGTC 
+1 Al aSerHi sLeuGl nPheProGlyAl aVa 1 TyrGlyThrAspGl yCysProVal SerVal 



7 2 1 GCCAGCCACCTGC AGTTCCCAGGGGCTGTCTACGGCACAGATGGATGCCCTGTGTCGGTC 
CGGTCGGTGGACGTCAAGGGTCCCCGACAGATGCCGTGTCTACCTACGGGACACAGCCAG 
+1 GluLysIleValAsnllePheAsnGlyThrSerCysProSerLeuGlyGlyLysProLys 



781 GAGAAGATTGTGAACATCTTCAATGGGACCAGCTGCCCCAGCCTGGGAGGAAAGCCCAAG 
CTCTTCTAACACTTGTAGAAGTTACCCTGGTCGACGGGGTCGGACCCTCCTTTCGGGTTC 
+ 1 LeuPhePhel 1 eGl nAl aCysGl yGlyGl uGl nLysAspHi sGl yPheGl uVa 1 Al aSer 



841 CTCTTTTTCATCCAGGCCTGTGGTGGGGAGCAGAAAGACCATGGGTTTGAGGTGGCCTCC 
GAGAAAAAGTAGGTCCGGACACCACCCCTCGTCTTTCTGGTACCCAAACTCCACCGGAGG 
+1 ThrSerProGluAspGluSerProGlySerAsnProGluProAspAlaThrProPheGln 



901 ACTTCCCCTGAAGACGAGTCCCCTGGCAGTAACCCCGAGCCAGATGCCACCCCGTTCCAG 
TGAAGGGGACTTCTGCTCAGGGGACCGTCATTGGGGCTCGGTCTACGGTGGGGCAAGGTC 
+1 GluGlyLeuArgThrPheAspGlnLeuAspAlalleSerSerLeuProThrProSerAsp 



961 GAAGGTTTGAGGACCTTCGACCAGCTGGACGCCATATCTAGTTTGCCCACACCCAGTGAC 
CTTCCAAACTCCTGGAAGCTGGTCGACCTGCGGTATAGATCAAACGGGTGTGGGTCACTG 
+1 IlePheValSerTyrSerThrPheProGiyPheValSerTrpArgAspProLysSerGly 



1021 ATCTTTGTGTCCTACTCTACTTTCCCAGGTTTTGTTTCCTGGAGGGACCCCAAGAGTGGC 
TAGAAACACAGGATGAGATGAAAGGGTCCAAAACAAAGGACCTCCCTGGGGTTCTCACCG 
+1 SerTrpTy rValGl uThrLeuAspAsp 1 1 ePheGl uGl nTrpAl aHi sSerGl uAspLeu 



1081 TCCTGGTACGTTGAGACCCTGGACGACATCTTTGAGCAGTGGGCTCACTCTGAAGACCTG 
AGGACCATGCAACTCTGGGACCTGCTGTAGAAACTCGTCACCCGAGTGAGACTTCTGGAC 
+ 1 Gl nSerLeuLeuLeuArgVa 1 Al aAsnAl a Va 1 SerVa 1 Ly sG ; y 1 1 eTyrlysGl nMet 



1141 CAGTCCCTCCTGCTTAGGGTCGCTAATGCTGTTTCGGTGAAAGGGATTTATAAACAGATG 
GTCAGGGAGGACGAATCCCAGCGATTACGACAAAGCCACTTTCCCTAAATATTTGTCTAC- 
+ 1 ProGlyCysPheAsnPheLeuArgLysLysLeuPhePheLys ir.-Ser 



1201 CCTGGTTGCTTTAATTTCC T CCGGAAAAAACTTTTCTTTAAAACA"CA^AAN 
GGACCAACGAAATTAAAGGAGGCCTT7TTTGAAAAGAAAT i ' ;GiAGTA ; 1 M 
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Fig. 20A 

CAS PAS E 10 

+1 MetLysSerGlnGl yGlnHisTrpTyrSerSerSerAspLysAsnCysLysValSerPhe 



1 ATGAAATCTCAAGGTCAACATTGGTATTCCAGTTCAGATAAAAACTGTAAAGTGAGCTTT 
TACTTTAGAGTTCCAGTTGTAACCATAAGGTCAAGTCTATTTTTGACATTTCACTCGAAA 
+ 1 ArgGl uLysLeuLeuI lei leAspSerAsnLeuGiyVa IGlnAspValGluAsnLeuLys 



61 CGTGAGAAGCTTCTGATTATTGATTCAAACCTGGGGGTCCAAGATGTGGAGAACCTCAAG 
GCACTCTTCGAAGACTAATAACTAAGTTTGGACCCCCAGGTTCTACACCTCTTGGAGTTC 
+1 PheLeuCys 1 1 eGlyLeuVa 1 ProAsnLysLysLeuGl uLysSerSerSerAl aSerAsp 



121 TTTCTCTGCATAGGATTGGTCCCCAACAAGAAGCTGGAGAAGTCCAGCTCAGCCTCAGAT 
AAAGAGACGTATCCTAACCAGGGGTTGTTCTTCGACCTCTTCAGGTCGAGTCGGAGTCTA 
+1 Val PheGluHi sLeuLeuAl aGl uAspLeuLeuSerGl uGl uAspProPhePheLeuAl a 



181 GTTTTTGAACATCTCTTGGCAGAGGATCTGCTGAGTGAGGAAGACCCTTTCTTCCTGGCA 
CAAAAACTTGTAGAGAACCGTCTCCTAGACGACTCACTCCTTCTGGGAAAGAAGGACCGT 
+1 GluLeuLeuTyri lelleArgGlnLysLysLeuLeuGlnHisLeuAsnCysThrLysGlu 



241 GAACTCCTCTATATCATACGGCAGAAGAAGCTGCTGCAGCACCTCAACTGTACCAAAGAG 
CTTGAGGAGATATAGTATGCCGTCTTCTTCGACGA.CGTCGTGGAGTTGACATGGTTTCTC 
+ 1 GluValGluArgLeuLeuProThrArgG InArgValSerLeuPheArgAsnLeuLeuTyr 



30 1 GAAGTGGAGCGACTGCTGCCCACCCGACAAAGGGTTTCTCTGTTTAGAAACCTGCTCTAC 
CTTCACCTCGCTGACGACGGGTGGGCTGTTTCCCAAAGAGACAAATCTTTGGACGAGATG 
+ 1 Gl uLeuSerGl uG 1 y U eAspSerGl uAsnLeuLysAspMet 1 1 ePheLeuLeuLysAsp 



361 GAACTGTCAGAAGGCATTGACTCAGAGAACTTAAAGGACATGATCTTCCTTCTGAAAGAC 
CTTGACAGTCTTCCGTAACTGAGTCTCTTGAATTTCCTGTACTAGAAGGAAGACTTTCTG 
+1 SerLeuProLysThrGl uMetThrSerLeuSerPheLeuA 1 aPheLeuGl uLysGl nGly 



421 TCGCTTCCCAAAACTGAAATGACCTCCCTAAGTTTCCTGGCATTTCTAGAGAAACAAGGT 
AGCGAAGGGTTTTGACTTTACTGGAGGGATTCAAAGGACCGTAAAGATCTCTTTGTTCCA 
+ 1 Lys 1 1 eAspGl uAspAsnLeuThrCysLeuGl uAspLeuCysLysThrVa 1 Va 1 ProLys 



481 AAAATAGATGAAGATAATCTGACATGCCTGGAGGACCTCTGCAAAACAGTTGTACCTAAA 
TTTTATCTACTTCTATTAGACTGTACGGACCTCCTGGAGACGTTTTGTCAACATGGATTT 
+ 1 LeuLeuArgAsn 1 1 eGl ulysTyrLysArcGl jlvsA ! a ; ! eGl n 1 1 eVa 1 ThrProPro 



54 1 cttttgagaaacatagagaaatacaaaagagaga-agc fatccagatagtgacacctcct 
gaaaactctttgtatct-:tttatgttt x ctctctt t v / :ga~aggtctatcactgtggagga 

+ 1 Ve 1 AspLy sG • uA i aG : uSerTyrG 1 nG 1 yG "■ uG * uG • ..-_euVa 1 SerG 1 nTnr AsoVa 1 



601 gtagacaaggaagccgagtcgtatcaaggagagga-gaa:ta3ttt"cccaaacagatgtt 
catctgt~c:'"cggc"cagcatagtl-":c'c"c:~~: r 'gatcaaaggg't'g'c'acaa 
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Fig. 20B 

CAS PAS E 10 

+1 LysThrPheLeuGluAlaLeuProArgAlaAlaValTyrArgMetAsnArgAsnHlsArg 

661 AAGACATTCTTGGAAGCCTTACCGAGGGCAGCTGTGTACAGGATGAATCGGAACCACAGA 
TTCTGTAAGAACCTTCGGAATGGCTCCCGTCGACACATGTCCTACTTAGCCTTGGTGTCT 

+1 GlyLeuCysVal IleValAsnAsnHisSerPheThrSerLeuLysAspArgGlnGlyThr 



721 GGCCTCTGTGTCATTGTCAACAACCACAGCTTTACCTCCCTGAAGGACAGACAAGGAACC 
CCGGAGACACAGTAACAGTTGTTGGTGTCGAAATGGAGGGACTTCCTGTCTGTTCCTTGG 
+1 Hi sLy sAspAl aGl u 1 1 eLeuSerH i sVa 1 PheGI nTrpLeuGl yPheThrVal Hi slle 



781 CATAAAGATGCTGAGATCCTGAGTCATGTGTTCCAGTGGCTTGGGTTCACAGTGCATATA 
GTATTTCTACGACTCTAGGACTCAGTACACAAGGTCACCGAACCCAAGTGTCACGTATAT 

+1 HisAsnAsnValThrLysValGluMetGluMetValLeuGlnLysGlnLysCysAsnPro 



84 1 CACAATAATGTGACGAAAGTGGAAATGGAGATGGTCCTGCAGAAGCAGAAGTGCAATCCA 
GTGTTATTACACTGCTTTCACCTTTACCTCTACCAGGACGTCTTCGTCTTCACGTTAGGT 
+1 Al am sAl aAspGlyAspCysPheVa 1 PheCys 1 1 eLeuThrHi sGl yArgPheGl yAl a 



901 GCCCATGCCGACGGGGACTGCTTCGTGTTCTGTATTCTGACCCATGGGAGATTTGGAGCT 
CGGGTACGGCTGCCCCTGACGAAGCACAAGACATAAGACTGGGTACCCTCTAAACCTCGA 

+1 Val Ty rSerSerAspGl uAl aLeu I VeProI 1 eArgGl u 1 1 eMetSerHi sPheThrAl a 



961 GTCTACTCTTCGGATGAGGCCCTCATTCCCATTCGGGAGATCATGTCTCACTTCACAGCC 
CAGATGAGAAGCCTACTCCGGGAGTAAGGGTAAGCCCTCTAGTACAGAGTGAAGTGTCGG 
+ 1 LeuGl nCysProArgLeuAl aGl uLysProlysLeuPhePhe II eG i nAl aCysG ! nGly 



1021 CTGCAGTGCCCTAGACTGGCTGAAAAACCTAAACTCTTTTTCATCCAGGCCTGCCAAGGT 
GACGTCACGGGATCTGACCGACTTTTTGGATTTGAGAAAAAGTAGGTCCGGACGGTTCCA 
+1 GluGluIleGl nProSerVa lSerlleGluAl aAspAl aLeuAsnPrc-Gl uGl nAl aPro 



108 1 GAAGAGATACAGCCTTCCGTATCCATCGAAGCAGATGCTCTGAACCCTGAGCAGGCACCC 
CTTCTCTATGTCGGAAGGCATAGGTAGCTTCGTCTACGAGACTTGGGACTCGTCCGTGGG 
+ 1 Th.rSerLeuGl nAsoSer i 1 eProA 1 aGl uAl aAspPheLeuLeuGl yLeuAl aThrVa 1 

1141 ACTTCCCTGCAGGACAGTATTCCTGCCGAGGCTGACTTCCTACTTGGTCTGGCCACTGTC 
TGAAGGGACGTCCTGTCATAAGGACGGCTCCGACTGAAGGATGAACCAGACCGGTGACAG 
+ 1 PrcGlyTyrVa 1 SerPheArgH-. sVa 1 G 1 uG 1 uGlySen i yr 1 1 eG : nSerteuCys 

120 1 rCAGGCTATGTATCCTTTCGGCATGTGGAGGAAGGCAGCTGGTATATTCAGTCTCTGTGT 
GGTCCGATACATAGGAAAGCCGTACACCTCCTTCCGTCGACCATATAAGTCAGAGACACA 

+ 1 AsnHn sleuLysLysLeuVa 1 -roArghi sGl uAspi : eLeuSer ■ : e ; _e'j • h--A 1 aVal 

1261 ;\ATCATCTGAAGAAAT~GG"CCCAAGACA.TGAAGACATCTTATCCA T CCTCACTGCTGTC 
TTAGTAGArT-rJ-T»AC?AGGG'"CTJACTTCTGTAGAATAGGTAGGA3TGACGACAG 
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Fig. 20C 

CAS PAS E 10 

+1 AsnAspAspValSerArgArgValAspLysGlnGlyThrLysLysGlnMetProGlnPro 



1321 AACGATGATGTGAGTCGAAGAGTGGACAAACAGGGAACAAAGAAACAGATGCCCCAGCCT 
TTGCTACTACACTCAGCTTCTCACCTGTTTGTCCCTTGTTTCTTTGTCTACGGGGTCGGA 
+1 Al aPheThrLeuArgLysLysLeuVal PheProVa 1 ProLeuAspAl aLe'uSerl 1 e 



1381 GCTTTCACACTAAGGAAAAAACTAGTATTCCCTGTGCCCCTGGATGCACTTTCAATATAG 
CGAAAGTGTGATTCCTTTTTTGATCATAAGGGACACGGGGACCTACGTGAAAGTTATATf 



Fig. 21A 

Rev-caspase-3 

Met He Glu Thr Asp Ser Gly Val Asp Asp Asp Met Ala Cys His Lys He Pro 
Val Glu Ala Asp Phe Leu Tyr Ala Tyr Sen Thr Ala Pro Gly Tyr Tyr Ser Trp 
Arg Asn Ser Lys Asp Gly Ser Trp Phe He Gin Ser Leu Cys Ala Met Leu Lys 
Gin Tyr Ala Asp Lys Leu Glu Phe Met His He Leu Thr Arg Val Asn Arg Lys 
Val Ala Thr Glu Phe Glu Ser Phe Ser Phe Asp Ala Thr Phe His Ala Lys Lys 
Gin He Pro Cys lie Val Ser Met Leu Thr Lys Glu Leu Tyr Phe Tyr His Asp 
Glu Val Asp Gly Gly Ser Pro Met Glu Asn Thr Glu Asn Ser Val Asp Ser Lys 
Ser He Lys Asn Leu Glu Pro Lys He He His Gly Ser Glu Ser Met Asp Ser 
Gly He Ser Leu Asp Asn Ser Tyr Lys Met Asp Tyr .Pro Glu Met Gly Leu Cys 
He ile He Asn Asn Lys Asn Phe His Lys Ser Thr Gly Met Thr Ser Arg Ser 
Gly ihr Asp Val Asp Ala Ala Asn Leu Arg Glu Thr Phe Arg Asn Leu Lys Tyr 
Glu Val Arg Asn Lys Asn Asp Leu Thr Arg Glu Glu Ile Val Glu Leu Met Arg 
Asp Val Ser Lys Glu Asp His Ser Lys Arg Ser Ser Phe Val Cys Val Leu Leu 
Ser His Gly Glu Glu Gly Ile Ile Phe Gly Thr Asn Gly Pro Val Asp Leu Lys 
Lys He Thr Asn Phe Phe Arg Gly Asp Arg Cys Arg Ser Leu Thr Gly Lys Pro 
Lys Leu Phe He lie Gin Ala Cvs Arg Gly Thr Glu Leu Asp Cys Gly lie Glu 
Thr Asp 
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Fig. 2 IB 

Uncleavable Rev-caspase-3 

Met He Glu Thr Asp Ser Gly Val Asp Asp Asp Met Ala Cys His Lys He Pro 

Val Glu Ala Asp Phe Leu Tyr Ala Tyr Ser Thr Ala Pro Gly Tyr lyr Ser Trp 

Arg Asn Ser Lys Aso Gly Ser Trp Phe He Gin Ser Leu Cys Ala Met Leu Lys 

Gin Tyr Ala Asp Lys Leu Glu Phe Met His He Leu Thr Arg Val Asn Arg Lys 

Val Ala Thr Glu Phe Glu Ser Phe Ser Phe Asp Ala Thr Phe His Ala Lys Lys 

Gin He Pro Cys He Val Ser Met Leu Thr Lys Glu Leu Tyr Phe Tyr His Gly 

Ser Pro Met Glu Asn Thr Glu Asn Ser Val Ala Ser Lys Ser He Lys Asn Leu 

Glu Pro Lys lie He His Gly Ser Glu Ser Met Ala Ser Gly He Ser Leu Asp 

Asn Ser Tyr Lys Met Asp Tyr Pro Glu Met Gly Leu Cys He He He Asn Asn 

Lys Asn Phe His Lys Ser Thr Gly Met Thr Ser Arg Ser Gly Thr Asp Val Asp 

Ala Ala Asn Leu Arg Glu Thr Phe Arg Asn Leu Lys Tyr Glu Val Arg Asn Lys 

Asn Asp Leu Thr Arg Glu Glu He Val Glu Leu Met Arg Asp Val Ser Lys Glu 

Asp His Ser Lys Arg Ser Ser Phe Val Cys Val Leu Leu Ser His Gly Glu Glu 

Gly He He Phe Gly Thr Asn Gly Pro Val Asp Leu Lys Lys He Thr Asn Phe 

Phe Arg Gly Asp Arg Cys Arg Ser Leu mr Gly Lys Pro Lys Leu Phe He He 
Gin Ala Cys Arg Gly Thr Glu Leu Asp Cys Gly He Glu Thr Asp 



Fig. 21 C 

> Rev-caspase-6 

Met Val Glu He Asp Ala Ala Ser Val Tyr Thr Leu Pro Ala Gly Ala Asp Phe 

Leu Met Cys Tyr Ser Val Ala Glu Gly Tyr Tyr Ser His Arg Glu Thr Val Asn 

Gly Ser Trp Tyr He Gin Asp Leu Cys Glu Met Leu Gly Lys Tyr Gly Ser Ser 

Leu Glu Phe Thr Glu Leu Leu Thr Leu Val Asn Arg Lys Val Ser Gin Arg Arg 

Val Asp Phe Cys Lys Asp Pro Ser Ala He Gly Lys Lys Gin Val Pro Cys Phe 

Ala Ser Met Leu Thr Lys Lys Leu His Phe Phe Pro Lys Ser Asn Leu Glu His 

His His His His His Val Glu He Asp Gly Gly Ser Pro Met Ser Ser Ala Ser 

Gly Leu Arg Arg Gly His Pro Ala Gly Gly Glu Glu Asn Met Thr Glu Thr Asp 

Ala Phe Tyr Lys Arg Glu Met Phe Asp Pro Ala Glu Lys Tyr Lys Met Asp His 

Arg Arg Arg Gly He Ala Leu He Phe Asn His Glu Arg Phe Phe Trp His Leu 

Thr Leu Pro Glu Ara Arg Gly Thr Cys Ala Asp Arg Asp Asn Leu Thr Arg Arg 

Phe Ser Asd Leu Gly Phe Glu Val Lys Cys Phe Asn Asp Leu Lys Ala Glu Glu 

Leu Leu Leu Lys He His Glu Val Ser ihr val Ser His Ala Asp Ala Asp Cys 
Phe Val Cys Val Phe Leu Ser His Gly Glu Gly Asn His He Tyr Ala iyr Asp 
Ala Lvs He Glu He Gin Thr Leu Thr Gly Leu Phe Lys Gly Asp Lys Cys His 

Ser Leu Val Glv Lys Pro Lys He Phe He He Gin A' a Cys Arg Gly Asn Gin 
His Asp Val Pro Va; He Pro Leu Asp Val val Asp 
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